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FOREWORD

This is one of the volumes comprising the final report on the Corps of Engineers'
Chesapeake Bay Study. The report represents the culmination of many years of study of
the Bay and its associated social, economic, and environmental processes and resources.
The overall study was done in three distinct developmental phases. A description is
provided below of each study phase, followed by a description of the organization of the
report.

The initial phase of the overall program involved the inventory and assessment of the
existing physical, economic, social, biological, and environmental conditions of the Bay.
The results of this effort were published in a seven volume document titled Chesapeake
Bay Existing Conditions Report, released in 1973, This was the first publication to

present a comprehensive survey of the tidal Chesapeake and its resources as a single
entity,

The second phase of the program focused on projection of water resource requirements in
the Bay Region for the year 2020. Completed in 1977, the Chesapeake Bay Future
Conditions Report documents the results of that work. The [2-volume report contains

projections for resource categories such as navigation, recreation, water supply, water
quality, and land use. Also presented are assessments of the capacities of the bay
system to meet the identified future requirements, and an identification of problems and
conflicts that may occur with unrestrained growth in the future.

In the third and final study phase, two resource problems of particular concern in
Chesapeake Bay were addressed in detail: low freshwater inflow and tidal flooding. In
the Low Freshwater Inflow Study, results of testing on the Chesapeake Bay Hydraulic
Model were used to assess the effects on the Bay of projected future depressed
freshwater inflows. Physical and biological changes were quantified and used in
assessments of potential social, economic, and environmental impacts. The Tidal
Flooding Study included development of preliminary stage-damage relationships and
identification of Bay communities in which structural and nonstructural measures could
be beneficial.

The final report of the Chesapeake Bay Study is composed of three major elements:

(1) Summary, (2) Low Freshwater Inflow Study, and (3) Tidal Flooding Study. The
Chesapeake Bay Study Summary Report includes a description of the results, findings,
and recommendations of all the above described phases of the Chesapeake Bay Study, It
is incorporated in four parts:

Summary Report

Supplement A -- Problem Identification
Supplement B — Public Involvement
Supplement C -- Hydraulic Mode!

The Low Freshwater Inflow Study consists of a Main Report and six supporting
appendices. The report includes:

Main Report
Appendix A -- Problem Identification

Appendix B — Plan Formulation
Appendix C -- Hydrology
Appendix D -- Hydraulic Model Test



Appendix E - Biota
Appendix F - Map Folio

The Tidal Flooding Study consists similarly of a Main Report and six appendices. The
report includes:

Main Report

Appendix A — Problem Identification

Appendix B — Plan Formulation, Assessment, and Evaluation
Appendix C -- Recreation and Natural Resources

Appendix D — Social and Cultural Resources

Appendix E -- Engineering, Design, and Cost Estimates
Appendix F — Economics

N



CHESAPEAKE BAY TIDAL FLOODING STUDY
APPENDIX A - PROBLEM IDENTIFICATION
TABLE OF CONTENTS

Item

Introduction
Study Authority
Study Purpose and Scope
Planning Objectives
Study Participants and Coordination
Selection of Communities for Study
Future Conditions Report
Revised Plan of Study
Prior Studies and Reports
Cambridge, Maryland
Crisfield, Maryland
Pocomoke City and Snow Hill, Maryland
Rock Hall, Maryland
St. Michaels, Maryland
Tilghman Island, Maryland
Cape Charles, Virginia
Hampton Roads, Virginia
Poquoson, Virginia
Tangier Island, Virginia
West Point, Virginia
Existing Conditions
Cambridge, Maryland
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics
Crisfield, Maryland
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics
Pocomoke City, Maryland
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics
Rock Hall, Maryland
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics

Page

A-1

A-l

A-2

A-2

A-3

A-4

A-4

A-5
A-10
A-11
A-13
A-14
A-15
A-16
A-le
A-17
A-13
A-13
A-19
A-20
A-20
A-20
A-20
A-22
A-22
A-23
A-23
A-23
A-25
A-26
A-26
A-27
A-27
A-27
A-27
A-29
A-29
A-29
A-31
A-31
A-32



TABLE OF CONTENTS (Cont'd)

Item

Snow Hill, Maryland
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics

St. Michaels, Maryland
Physical Characteristics
Environmental Characteristics
Socio~-Economic Characteristics
Institutional Characteristics

Tilghman Island, Maryland
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics

Cape Charles, Virginia
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics

Hampton Roads, Virginia
Physical Characteristics
Environmental Characteristics
Institutional Characteristics

Poquoson, Virginia
Physical Characteristics
Environmental Characteristics
Institutional Characteristics

Tangier Island, Virginia
Physical Characteristics
Environmental Characteristics
Socio-Economic Characteristics
Institutional Characteristics

West Point, Virginia
Physical Characteristics
Environmental Characteristics
Institutional Characteristics

Alternative Future Conditions
Without Project Conditions
With Project Conditions
Problems and Needs

Cambridge, Maryland

Crisfield, Maryland

Pocomoke City, Maryland

Rock Hall, Maryland

Snow Hill, Maryland

ii

Page

A-32
A-32
A-34
A-34
A-35
A-35
A-35
A-35
A-37
A-38
A-33
A-33
A-38
A-38
A-40
A-40
A-40
A-44
A-47
A-48
A-43
A-48
A-50
A-53
A-353
A-53
A-57
A-59
A-59
A-59
A-59
A-64
A-o4
A-64
A-64
A-63
A-69
A-69
A-70
A-70
A-71
A-71
A-75
A-75
A-80
A-80



TABLE OF CONTENTS (Cont'd)

Item

St. Michaels, Maryland
Tilghman Isiand, Maryland
Cape Charles, Virginia
Alternative Future Conditions
Views and Desires of Local Interests
Resource Management Problems
Hampton Roads, Virginia
Alternative Future Conditions
Views and Desires of Local Interests
Resource Management Problems
Norfolk
Portsmouth
Chesapeake
Hampton
Poquoson, Virginia
Alternative Future Conditions
Views and Desires of Local Interests
Resource Management Problems
Tangier Island, Virginia
Alternative Future Conditions
Views and Desires of Local Interests
Resource Management Problems
West Point, Virginia
Alternative Future Conditions
Views and Desires of Local Interests
Resource Management Problems

Number

A-l
A-2
A-3
A-4
A-5

A-6
A-7
A-3
A-9
A-10

A-11
A-12

LIST OF TABLES

Title

Tidal Flooding Task Group Membership

Flood-Prone and Critically Flood-Prone Communities

Critical Communities Recommended for Detailed Study

Land Use in Cambridge, Maryland

Federal and State Agencies Involved in Water
Resources Planning

Land Use in Pocomoke City, Maryland

Land Use in Rock Hall, Maryland

Land Use in Snow Hill, Maryland

Land Use in St. Michaels, Maryland

Major Commodity Groups of Waterborne Commerce for
Cape Charles

Cambridge, Maryland, Flood Damage Potential

Crisfield, Maryland, Flood Damage Potential

iii

Page

A-85
A-85
A-85
A-85
A-90
A-90
A-95
A-95
A-96
A-96
A-96
A-107
A-112
A-114
A-121
A-121
A-122
A-122
A-123
A-123
A-123
A-129
A-129
A-129
A-129
A-131

Page
A-4

A-6
A-7

A-23

A-25
A-29
A-32
A-34
A-37

A-47
A-74
A-77



LIST OF TABLES (Cont'd)

Number Title
A-13  Pocomoke City, Maryland, Flood Damage Potential

A-14
A-15
A-16
A-17
A-18
A-19

A-20
A-21
A-22

A-23
A-24
A-25

Number

A-1
A-2
A-3
A-4
A-5
A-6
A-7
A-8
A-9
A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
A-26
A-27

Rock Hall, Maryland, Flood Damage Potential

Snow Hill, Maryland, Flood Damage Potential

St. Michaels, Maryland, Flood Damage Potential

Tilghman Island, Maryland, Flood Damage Potential

Tidal Flood Elevations - Hampton Roads

OBERS County Level Employment by Sector for the Five-City
Area (1978)

Highest Tides at Norfolk Harbor and Sewells Point

Damages from March 1962 Northeaster in Norfolk

Project and Economic Data for Local Protection Works
in Norfolk

Damages from March 1962 Northeaster in Chesapeake

Damages from March 1962 Northeaster in Hampton

Tidal Flood Elevations - Hampton and Poquoson

LIST OF FIGURES

Title

Location of Critical Flood-Prone Communities
City of Cambridge and Vicinity

Town of Crisfield and Vicinity

Pocomoke City and Vicinity

Town of Rock Hall and Vicinity

Town of Snow Hill and Vicinity

Town of St. Michaels and Vicinity

Tilghman Island and Vicinity

Cape Charles and Vicinity

Cape Charles Area Floop Map

Aerial Photograph of Cape Charles, Virginia
Photographs of Cape Charles Bulkheads
Hampton Roads City Complex and Vicinity
City of Poquoson and Yicinity

Poquoson Coastal Flooding

Aerial Photograph of Poquoson, Virginia
Tangier Island and Vicinity

Map of Tangier Island

Aerial Photograph of Tangier Island, Virginia
West Point and Vicinity

West Point Area Flood Map

Aerial Photograph of West Point, Virginia
Cambridge Tidal Flood Areas

Crisfield Tidal Flood Areas

Pocomoke City Tidal Flood Areas

Rock Hall Tidal Flood Area

Snow Hill Tidal Flood Area

iv

A-21
A~24
A-28
A-30
A-33
A-36
A=39
A-41
A-42
A-~43
A-~45
A-49
A~54
A-55
A-56
A-60
A-61
A-62
A-65
A-66
A~67
A-72
A~76
A-78
A-81
A-83



LIST OF FIGURES (Cont'd)

Number Title

A-28  St. Michaels Tidal Flood Area

A-29 Tilghman Island Tidal Flood Area

A-30 Cape Charles Flood Scenes, September 1936 Hurricane

A-31 Cape Charles Flood Scene, September 1960 Hurricane

A-32 Beach, Bulkhead, and Promenade at Cape Charles,
March 1962 Storm

A-33  Meteorologic and Hydrologic Data, Storms of
August 1933 and March 1962

A-34 Flood Scenes, March 1962 "Northeaster" at
Norfolk, Virginia

A-35 Flood Scene, March 1962 "Northeaster" at
Norfolk, Virginia

A-36 Flood Scene, March 1962 "Northeaster" at
Norfolk, Virginia

A-37 Downtown Norfolk Floodwall

A-38 Flood Scenes, March 1962, "Northeaster" at
Portsmouth, Virginia

A-39  Portsmouth Area Inundated by August 1933 Hurricane

A-40 Coastal Flooding in Hampton, Virginia

A-41  Aftermath of August 1933 Hurricane in Hampton

A-42  Flooding in Hampton-Buckroe Beach Section, March 1962

A-43  Flooding in Hampton-Fox Hill Section, March 1962

A-44  Flood Scene of March 1962 "Northeaster" at
Poquoson, Virginia

A-45 Flood Scene of March 1962 "Northeaster" at
Poquoson, Virginia

A-46  Flood Scene of March 1962 "Northeaster" at
Poquoson, Virginia

A-47  Flood Scene of March 1962 "Northeaster" at
Poquoson, Virginia

A-48 Flood Scene in Tangier Island, March 1962

Page
A-86
A-88
A-92
A-93
A-9%
A-93
A-100
A-101

A-102
A-103
A-109
A-110
A-115
A-117
A-1138
A-119

A-124
A-125
A-126

A-127
A-130



APPENDIX A

PROBLEM IDENTIFICATION

INTRODUCTION

This Problem Identification appendix to the Tidal Flooding Study Report discusses the
several Maryland and Virginia communities which were selected for detailed analyses of
tidal flooding problems. Included in this appendix is an overview of the process by which
these communities were selected as well as a presentation of previous reports which
addressed the tidal flood occurrences. Existing conditions profiles are also provided. It
is these profiles which provided the basis for identifying the problems and needs of the
several communities as discussed later in this appendix.

STUDY AUTHORITY

The Chesapeake Bay Study and the construction of the Chesapeake Bay Hydraulic Model
were authorized by Section 312 of the River and Harbor Act of 1965, adopted on
27 October 1965. This section is as follows:

(a) The Secretary of the Army, acting through the Chief of Engineers, is
authorized and directed to make a complete investigation and study of water
utilization and control of the Chesapeake Bay Basin, including the waters of
the Baltimore Harbor and including, but not limited to, the following:
navigation, fisheries, flood control, control of noxious weeds, water pollution,
water quality control, beach erosion, and recreation. In order to carry out the
purposes of this section, the Secretary, acting through the Chief of E£ngineers,
shall construct, operate, and maintain in the State of Maryland a hydraulic
model of the Chesapeake Bay Basin and associated technical center. Such
model and center may be utilized, subject to such terms and conditions as the
Secretary deems necessary, by any department, agency or instrumentality of
the Federal Government or of the States of Maryland, Virginia, and
Pennsylvania, in connection with any research, investigation, or study being
carried on by them of any aspect of the Chesapeake Bay Basin. The study
authorized by this section shall be given priority.

(b)  There is authorized to be appropriated not to exceed $6,000,000 to carry out
this section.
An additional appropriation for the Study was provided in Section 3 of the River Basin
Monetary Authorization Act of 1970, adopted 19 June 1970, which reads as follows:

In addition to the previous authorization, the completion of the Chesapeake
Bay Basin Comprehensive Study, Maryland, Virginia, and Pennsylvania,
authorized by the River and Harbor Act of 1965 is hereby authorized at an
estimated cost of $9,000,000.



As a result of Tropical Storm Agnes, which caused extensive damage in Chesapeake Bay,
the President, on 31 October 1972, signed the Supplemental Appropriation Act of 1973
(Public Law 92-607). This appropriation included $275,000 for additional studies of the
impact of Tropical Storm Agnes on Chesapeake Bay.

STUDY PURPOSE AND SCOPE

The Chesapeake Bay Study was a comprehensive investigation to determine the most
beneficial use of the Bay's water and related land resources. The expertise required for
the conduct of the Chesapeake Bay Study included the fields of engineering and the
social, physical, and biological sciences. The study was coordinated with Federal, state
and local agencies having an interest in Chesapeake Bay. Each resource category or
problem area was treated individually with demands and potential problem areas
projected to the year 2020. All conclusions were based on historical information supplied
by the agencies having expertise in that field. The geographical study area encompassed
those counties or Standard Metropolitan Statistical Areas (SMSA) whxch adjoin or have a
major influence on the Chesapeake Bay Estuary.

The scope of the Tidal Flooding Study was limited to a study of those areas adjacent to
Chesapeake Bay and its subestuaries which are subject to tidal flooding induced primarily
by hurricanes and northeasters.

The Tidal Flooding Study had three primary objectives. The first objective was to
provide a better understanding of the tidal flood stage-frequency relationship in the Bay
Region as a whole and also in the communities which are subject to tidal flooding. The
second objective was to define the environmental and socio-economic impacts of tidal
flooding in those communities subject to flooding. The final objective was to recommend
further detailed studies of structural or nonstructural tidal flood protection in those
communities where it was found to be economically and environmentally feasible and
socially acceptable.

PLANNING OBJECTIVES

The term "planning objectives" refers to the full range of water and related land resource
management needs that are specific to each study. They are derived from an analysis of
the opportunities, needs, and problems of the study area that can be addressed to
enhance the national objectives (i.e., NED and EQ). Planning objectives are intended to
provide a meaningful guide and focus for subsequent planning activities. During Stage I
of the planning process, the planning objectives were general in scope, Based on the
existing and future problems, needs, and opportunities identified during the initial
iterations of the planning process, including the preparation of the Chesapeake Bay
Existing Conditions and Future Conditions reports, the following were recommended as
planning objectives for the expanded Chesapeake Bay Study program:

1. Preserve, restore, and enhance the integrity of the Chesapeake Bay ecosystem.

2. Manage, preserve, and enhance areas of significant natural, historical,
cultural, and scientific interest for the inspiration, enjoyment, and education
of man.

3.  Assure sufficient quantities of water to meet the needs of domestic,
municipal, industrial (including power plants), and agricultural users.



4,  Assure water of suitable qualities for all intended or potential water resource
uses,

5. Maintain, enhance, and/or increase water-based recreational opportunities.

6. Maintain, enhance, and/or increase the commercial and sport fishing
opportunities and resources.

7. Maintain or improve water navigation facilities which provide transportation
advantageous to the Nation's transportation system.

8. Reduce tidal flooding damages.

9. Reduce damages due to shoreline erosion.

10, Develop power facilities where its provision can contribute to a needed
increase in power supply.

11, Control the occurrence of certain aquatic plants where they interfere with

' man's use of the Bay.

12, Mzaintain or improve adequate outlets for approved on-farm drainage systems

for surface water management.

As it related more directly to the tidal flooding problem, which is the subject of this
report, the following were the specific planning objectives for the communities under
study.

. Protect life and property.

. Reduce flood damages and health hazards due to flooding.

. Minimize adverse impacts on cultural resources and the natural environment.
. Minimize adverse impacts on aesthetic values and community cohesion.

. Avoid inducing any additional flood plain damages.

W N -

STUDY PARTICIPANTS AND COORDINATION

Due to the large geographic area comprising the Chesapeake Bay Region and the complex
problems which face the estuary, a large number of Federal, state, and local agencies
and interstate commissions are involved in various aspects of water resource
management in the Region.

The magnitude of the Chesapeake Bay Study, the large number of participants, and the
complex spectrum of problems to be analyzed required intensive coordination of
activities. The initial planning of this study was coordinated with the then National
Council of Marine Resources and Engineering Development through its Committee on
Multiple Use of the Coastal Zone. This study was conceived as a coordinated partnership
between Federal, state, and local agencies and interested scientific institutions. Each
involved agency was charged with exercising leadership in those disciplines in which it
had special competence and reviewed and commented on work performed by others. To
realize these ends, an Advisory Group, a Steering Committee, and two Task Groups (Tidal
Flooding and Freshwater Inflow), were established. The overall management of the
Chesapeake Bay Study was the responsiblity of the District Engineer of the Baltimore
District, Corps of Engineers.

The Advisory Group, established in 1967, was the principal coordinating mechanism for
the Study. Since its establishment, the Advisory Group advised the District Engineer
regarding study policy and provided general direction under which all study participants



operated. The Steering Committee for Liaison and Basic Research was charged with
reviewing the work of the other study task groups in order to bring to their attention and
to the attention of the District Engineer any pertinent technological advances in water
resources development or the environmental sciences that may not be explicit in the
tasks assigned to these groups. The two task groups were established along study lines
with the Tidal Flooding Task Group providing the primary input to the Tidal Flooding
Study. The state and Federal agencies represented on the Task Group are shown in Table
A-1,

TABLE A-1
TIDAL FLOODING TASK GROUP MEMBERSHIP

Corps of Engineers Environmental Protection Agency
Department of Agriculture Department of the Interior
Department of Transportation State of Maryland

Federal Emergency Management Agency Commonwealth of Virginia
Department of Commerce District of Columbia

In addition to the Federal and state coordination outlined above, the study was also
coordinated with local officials in those communities selected for detailed study. This
local coordination included meeting with elected officials at both the county and the
community level and also meeting and exchanging data with public works and planning
officials of each community.

SELECTION OF COMMUNITIES FOR STUDY

During the Future Conditions phase of the Chesapeake Bay Study, flood problem areas
were identified by considering the degree of tidal flooding to be experienced by those
communities located along the shoreline of the Bay and its tributaries. The number of
areas initially considered were reduced through several screening efforts which are
described below. Additional screenings were also conducted as part of the Revised Plan
of Study and during the development of intermediate plans.

FUTURE CONDITIONS REPORT

The first step of the initial screening was to identify all communities or urban areas
having a population of 1,000 or greater located either totally or in part within the
Standard Project Tidal Flood (SPTF) Plain. The SPTF is defined as the largest tidal flood
that is likely to occur under the most severe combination of meteorological and
hydrological conditions that are considered reasonably characteristic of the geographic
region. The Corps of Engineers in cooperation with the U.S. Weather Bureau (now the
National Weather Service) determined that for the Chespeake Bay Region the SPTF
would average approximately 13 feet above National Geodetic Vertical Datum (NGVD).
This figure is a static or standing water surface elevation which would occur in
conjunction with an astronomical high tide and does not include the effects of waves.
Superimposing waves characteristic of a hurricane that would produce a tidal surge of 13
feet (NGVD), wave heights of approximately 5 feet could be expected. Based on the
above combination of tidal surge and wave action the SPTF would inundate areas up to



approximately 18 feet (NGVD). However, for ease in delineating the flood area on the
best available topography, an elevation of 20 feet (NGVD) was assumed for the SPTF
elevation. While an elevation of 20 feet was considered conservative, it was appropriate
for the initial screening of possible flood-prone communities.

The next step in the initial screening was to identify those communities that should be
classified as "flood-prone." For a community to be designated as flood-prone, at least 50
acres of land that were developed for intensive use had to be inundated by the SPTF.
Intensive land use was defined as residential (four dwelling units/acre or greater),
commercial (including institutional), or industrial development. The 60 Bay Region
communities identified as flood-prone are listed in Table A-2, Approximately 32,000
acres of land in these communities were found to be located in the standard project tidal
flood plain.

The last step in the initial screening process was to determine those communities
considered to be "critically” flood-prone. The fiood problem was considered to be
"critical" if 25 acres or more of intensively developed land were inundated by the 100-
year flood. The communities found to be "critical" based on this criterion are marked
with an asterisk in Table A-2. It should be noted that the elevations used for the 100-
year flood were approximated based on the best available historical information.

REVISED PLAN OF STUDY

During the preparation of the Revised Plan of Study, a further screening of those critical
communities listed in Table A-2 was conducted. This screening eliminated those critical
communities where it was evident that flood protection would not be acceptable to the
community. This determination was based on the fact that many strictly residential
critical communities are located along the Bay's shoreline for aesthetic as well as
recreational reasons, and a structural solution would require, in most cases, a floodwall
of excessive height, This type of structure would impact upon the use of the shoreline
for recreation and would cause visual disruption of the shoreline. In these communities,
the expressed concern was related to the erosion of land that takes place during tidal
storms, instead of the damages that result from temporary inundation of house and
property. Application of nonstructural solutions in these same areas, such as
floodproofing and relocation, was also inappropriate. Many of the structures were old
and not suitable for major floodproofing modifications and, as previously mentioned,
these areas were established adjacent to the shoreline to take advantage of the resource,
thus making relocation unacceptable.

Based on the above considerations, the communities recommended for detailed study in
the Revised Plan of Study were limited to those listed in Table A-3. All the
recommended communities were considered to have highly developed flood-prone areas
where the potential existed for providing some form of fiood protection. The Revised
Plan of Study further recommended that the second stage of the planning process
concentrate on refinement of environmental, economic, social and hydrologic data and
the formulation and evaluation of various flood damage reduction measures.




TABLE A-2

FLOOD-PRONE AND CRITICALLY FLOOD-PRONE COMMUNITIES

Anne Arundel County
*¥Arundel on the Bay

*Avalon Shores (Shady Side,
Curtis Pt. to Horeshoe Pt.

and West Shady Side)
Broadwater
Columbia Beach
*Deale
Eastport

Franklin Manor on the Bay

and Cape Anne
Galesville
Rose Haven

*Baltimore City

Baltimore County
Back River Neck
*Dundalk (Including
Sparrows Pt.)
*Middle River Neck
*Patapsco River Neck

Calvert County

Cove Point

North Beach on the Bay
Solomons Island

Independent Cities
*Chesapeake
*Fredericksburg
*Hampton
Newport News
*Norfoik
*Portsmouth
*Virginia Beach

STATE OF MARYLAND

Caroline County

Choptank
*Denton
Federalsburg

Cecil County

Elkton
Northeast

Charles County

Cobb Island

Dorchester County

*Cambridge

Harford County

Havre de Grace

Kent County

*Rock Hall

Queen Anne's County

St. Mary's County
Colton

*Piney Point

St. Clement Shores
St. George Island

Somerset County
*Crisfield
*Smith Island

Talbot County

Easton

Oxford

*St. Michaels
*Tilghman Island

Wicomico County
Bivalve
Nanticoke
*Salisbury

Worcester County

Dominion
*Grasonville
Stevensville

COMMONWEALTH OF VIRGINIA

Accomack County

Onancock
Saxis
*Tangier Island

King George County

*Dahlgren

*WASHINGTON, D.C.

*Indicates Critically Flood-Prone Community

A-6

*Pocomoke City
*Snow Hill

King William County
*West Point

Northampton County
*Cape Charles

Westmoreland County
*Colonial Beach

York County

*Poquoson



TABLE A-3
CRITICAL COMMUNITIES RECOMMENDED FOR DETAILED STUDY

STATE OF MARYLAND

Baltimore County Somerset County
Dundalk {including Cristield
Sparrows Pt.)* Smith Island*

Baltimore City* Talbot County

St. Michaels
Caroline County Tilghman Island
Denton*

Wicomico County
Dorchester County Salisbury*
Cambridge

Worcester County
Kent County Pocomoke City
Rock Hall Snow Hill

COMMONWEALTH OF VIRGINIA

Independent Cities** King William County
Chesapeake West Point
Fredericksburg*

Hampton Northampton County
Norfolk Cape Charies
Portsmouth

Westmoreland County
Accomack County Colonial Beach*
Tangier Island

York County

Poquoson

*These communities were recommended for detailed study but initial examinations
determined that detailed analysis was inappropriate (see text).

**The Cities of Chesapeake, Hampton, Norfolk, and Portsmouth are collectively referred
to as the Hampton Roads complex.



With the approval of the Revised Plan of Study, Stage II studies were undertaken for the
communities listed in Table A-3. Early in Stage II several additional communities were
eliminated from further consideration. Smith Island, Maryland, Colonial Beach, Virginia,
and Virginia Beach, Virginia were eliminated as detailed studies of these communities
were being conducted under specific study resolutions and further effort under the
Chesapeake Bay Study would have been duplicative. Denton and Salisbury, Maryland,
were both eliminated when preliminary stage-damage surveys and detailed mapping and
flood plain delineation indicated that the flood problem was limited to only scattered
development at frequencies in excess of once in 100 years. Likewise, Fredericksburg,
Virginia, was eliminated when fluvial rather than tidal flooding was found to be the

problem.

Last and most significantly, Baltimore City and the Dundalk area of Baltimore County
were also eliminated after preliminary damage surveys and evaluations of several
structural and nonstructural measures. These preliminary evaluations indicated that
structural and nonstructural measures that would provide flood protection for the most
flood-prone sections of these two areas would have benefit-cost ratios on the order of
only O.1. These evaluations confirmed the findings of the Baltimore District's Baltimore

Metropolitan Flood Study.

Thus those communities listed in Table A-3 less Smith Island, Colonial Beach, Denton,
Salisbury, Fredericksburg, Dundalk and Baltimore City were evaluated in detail. The
results of those studies are presented in subsequent portions of this report. The general
location of the 12 communities selected for detailed study is indicated in Figure A-1.

A-8
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FIGURE A-1 LOCATION OF CRITICAL FLOOD-PRONE COMMUNITIES
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PRIOR STUDIES AND REPORTS

While there have been a limited number of tidal flooding-related studies that have
investigated specific communities around the Chesapeake Bay, there has been only one
comprehensive Bay-wide tidal flooding study conducted by the Corps in the last two
decades. The authorization for this study, contained in Public Law 71, 84th Congress, st
Session, approved 15 June 1953, was as follows.

Be it enacted by the Senate and House of Representatives of the United
States of America in Congress assembled: That in view of the severe
damage to the coastal and tidal areas of the eastern and southern United
States from the occurrence of hurricanes, particularly the hurricanes of
August 31, 1954 and September 11, 1954, in New England, New York and
New Jersey coastal and tidal areas, and the hurricane of October 15, 1954
in the coastal and tidal areas extending south to South Carolina, and in
view of the damages caused by the other hurricanes in the past, the
Secretary of the Army, in cooperation with the Secretary of Commerce and
other Federal agencies concerned with hurricanes is hereby authorized and
directed to cause an examination and survey to be made of the eastern and
southern seaboard of the United States with respect to hurricanes with
particular reference to areas where severe damages have occurred.

SEC. 2. Such survey, to be made under the direction of the Chief of
Engineers, shall include the securing of data on the behavior and frequency
of hurricanes, and the determination of methods of forecasting their paths
and improving warning services, and of possible means of preventing loss of
human lives and damages to property, with due consideration of the
economics of proposed breakwaters, seawalls, dikes, dams and other
structures, warning services or other measures which might be required.

This authorization resulted in several studies and subsequent reports which addressed
various segments of the tidal shoreline. Specific reports were prepared that considered
(1) the Baltimore, Maryland Metropolitan Area, (2) the Washington, D.C. Metropolitan
Area, (3) Colonial Beach, Virginia, (4) Garden Creek, Mathews County, Virginia, (5) the
tidewater portions of the Patuxent, Potomac and Rappahannock Rivers, including the
adjacent Chesapeake Bay shoreline, and (6) the entire tidal shoreline of the Eastern Shore
of Maryland and Virginia and the Western Shore of Maryland from the head of the Bay to
the mouth of the Patuxent River.

No recommendations for construction of any hurricane protective works resulted from
any of the above studies. The following conclusions and recommendations quoted from
House Document No. 176, Eighty-eighth Congress, lst session, 25 November 1963,
Chesapeake Bay, Maryland and Virginia, are considered typical of the findings of these
earlier studies.
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On the Eastern shore of the Chesapeake Bay there were no locations at
which local interests specifically requested consiruction of protective
structures to prevent tidal flooding. Investigation of the shore showed that
there were no locations at which construction of protective structures
could be justified although there exist in Dorchester and Somerset Counties
large areas that would be flooded by hurricane-induced tides of 10 feet or
greater. In these areas serious consideration should be given by local
authorities to developing an adequate evacuation plan.

On the Western shore of the Chesapeake Bay there were found no locations
at which extensive flooding would occur from high tides since elevations of
20 feet or more exist at short distances from the new high water
shoreline. At some locations along the shore local interests requested
protection from beach erosion. In these locations, it was found that local
interests did not desire protection from hurricane-induced tides and since
investigations to provide beach erosion protection can be accomplished
under existing laws, provision of protection was not investigated for these
areas.

Since there appear to be no locations on the east or west shore of the
Chesapeake Bay at which protection from hurricane-induced tides could be
justified the District Engineer recommends that no further planning or
investigation for the provision of hurricane protective works within the
study area be undertaken at this time. The District Engineer recommends,
however, that this report be published and distributed to appropriate
officials in the area who may find the information contained therein of use
in the establishment of flood plain regulatory measures and evacuation
procedures.

Given this overview relative to past Bay-wide studies the following paragraphs address
prior water resource-related studies conducted in those communities which were selected
for detailed study.

CAMBRIDGE, MARYLAND

Prior studies and reports for Cambridge have all been in the interest of navigation dating
back as early as 1871. These reports and the initiating authorizations are discussed
below.

a. The River and Harbor Act of 11 July 1870, authorized an examination of the
channel area. The report which was favorable toward a channel 10 feet deep and 100
feet wide is found in the 1871 Annual Report of the Chief of Engineers.

b. The River and Harbor Act of 5 August 1886, authorized a preliminary
examination and survey of the Cambridge Channel. The reports were favorable to
channel improvement to 12 feet deep to the railroad wharf, 10 feet deep to the
drawbridge and 8 feet deep to the head of wharfage with a continuous width of 150
feet. This recommendation is found in the Annual Report to the Chief of Engineers,

c. The River and Harbor Act of 3 June 1896, authorized a preliminary examination

and survey of the Cambridge Harbor area, The reports were favorable and recommended
a channel 12 feet deep, 150 feet wide to a point 500 feet outside the Baltimore,
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Chesapeake and Atlantic Railroad Company's steamboat wharf, and from this point
gradually widening to the harbor line at the wharf, to increase the width an average of
200 feet with a depth of 8 feet, making an anchorage basin; increasing the width of the
lower harbor 40 feet on the north side and widening the upper harbor an average of 360
feet along the channel already dredged, to a depth of 8 feet. These reports are printed in
House Document No. 119, Fifty-Fourth Congress, 2nd session,

d. The River and Harbor Act of 3 March 1909, authorized a survey and preliminary
examination of the outer channel area. The reports were favorable to modifying the
existing project by straightening the outer channel giving the channel a minimum width
of 270 feet. The reports were unfavorable to widening and deepening the inner channel
from 8 feet to 10 feet. These reports are found in House Document No. 560, Sixty-first
Congress, 2nd session, The modification contained in this report was not adopted.

e. The River and Harbor Act of 22 September 1922, authorized a survey and
preliminary examination of the Cambridge area turning basin. The reports were
favorable to a channel 12 feet deep, 150 feet wide to the drawbridge; and 10 feet deep,
100 feet wide from the bridge to the upper end of the harbor, with a turning basin 200
feet square at that point. The reports are printed in House Document No. 210, Sixty-
eighth Congress, st session.

f. The Rivers and Harbors Committee Resolution of 31 July 1935, authorized a
survey and preliminary examination of the Cambridge Harbor channels and anchorage
areas. The reports were favorable to a channel 14 feet deep, 150 feet wide to the
Market Street Bridge, 100 feet wide above the bridge with a turning basin of the same
depth at the head of the channel; for an anchorage basin 10 feet deep, 400 feet long and
175 feet wide on the west side of the channel, and a second basin of the same depth, 225
feet long and 200 feet wide on the east side of the channel; and a channel 60 feet wide
and 7 feet deep from that depth in Choptank River to the municipal boat basin. The
reports are found in the Rivers and Harbors Committee Document No. 7, Seventy-fifth
Congress, lst session,

g. The Rivers and Harbors Committee Resolution of 28 February 1939, authorized
a survey and preliminary examination of Choptank River Channel. The report, which was
not printed, was unfavorable to a channel 18 feet deep from the Choptank River to the
head of the harbor.

h. The River and Harbor Act of 2 March 1945, authorized a survey and preliminary
examination of the channel in the area of Cambridge Creek. The report was favorable to
a channel 16 feet deep at mean low water and 150 feet wide from the 16-foot depth
curve in Choptank River to the Market Street bridge over Cambridge Creek, thence 16
feet deep and 100 feet wide to the head of the harbor, with a turning basin of the same
depth and or irregular dimensions, comprising approximately 2,4 acres. The report was
printed in House Document No. 381, Eightieth Congress, st session.

i» By means of a Resolution of the Committee on Public Works of the House of
Representatives adopted 3 September 1964, 2 December 1970, and 14 June 1972, a survey
and preliminary examination of the existing Federal project was authorized. The report
recommended that the exsiting Federal project for Cambridge be modified to provide for
Federal maintenance of the non-Federally constructed 25-foot deep navigation project.
This report is found in the Survey Report on Cambridge Harbor dated 5 April 1976,
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CRISFIELD, MARYLAND

Prior reports for Crisfield have all been in the interest of navigation and are as follows:

a. The River and Harbor Act of 23 June 1874, authorized a preliminary
examination and survey of Crisfield Harbor. The reports; which were favorable to
improvement, are printed in the 1875 Annual Report of the Chief of Engineers.

b. The River and Harbor Act of 3 March 1905, authorized a preliminary
examination and survey of Crisfield Harbor. The reports, which are printed in House
Document No. 783, Fifty-ninth Congress, lst session, were favorable to the provision of
an anchorage basin on the west side of the channel.

c. The River and Harbor Act of 2 March 1919, authorized a preliminary
examination of Crisfield Harbor. The reports, which are printed in House Document No.
276, Sixty-sixth Congress, 1st session, were unfavorable to increasing the project depth
to 25 feet and to dredging a channel in Somers Cove.

d. The River and Harbor Act of 22 September 1922, authorized a preliminary
examination and survey of Crisfield Harbor. The reports which form the basis of the
existing project, are printed in House Document No. 353, Sixty-eighth Congress, lst
session.

e. The Committee on Rivers and Harbors of the House of Representatives, by
resolution adopted 27 February 1934, authorized review of the reports described in the
preceding paragraph. The reports on the review were favorable to the provision of a
channel 7 feet deep and 100 feet wide from the head of the 10-foot channel opposite Hop
Point eastward 1,300 feet to an anchorage basin 7 feet deep, 160 feet wide, and 1,200
feet long roughly parallel to Brick Kiln Road. The reports are printed in Rivers and
Harbors Committee Document No. 2, Seventy-fifth Congress, Ist session.

f. The River and Harbor Act of 30 August 1935, authorized a preliminary
examination and survey of a "waterway from Little Annemessex River to Tangier Sound,
MD., by way of Cedar Creek, a land cut, and Flat Cap Creek." The reports, which are
printed in House Document No. 72, Seventy-fifth Congress, lst session, were favorable to
a modification of the project for Crisfield Harbor to provide for the above waterway by
way of Dougherty Creek instead of Flat Cap Creek.

g. The Committee on Rivers and Harbors of the House of Representatives, by
resolution adopted 23 February 1938, authorized a review of the reports contained in
Rivers and Harbors Committee Document No. 2, Seventy-fifth Congress, 1st session, and
previous reports, with a view to determining the advisability of modifying the existing
project. The reports, which are printed in House Document No. 457, Seventy-sixth
Congress, lst session, were favorable to a modification of the project for Crisfield
Harbor to provide for a mooring basin 7 feet deep, 160 feet wide, approximately 875 feet
long roughly parallel to Brick Kiln Road, with a channel 7 feet deep and 100 feet wide
leading therefrom to the 7-foot project channel connecting Little Annemessex and Big
Annemessex Rivers, instead of the previously authorized anchorage basin and access
channel described above,
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h. The River and Harbor Act approved 2 March 1945, authorized a preliminary
examination and survey of Crisfield Harbor. The report printed as House Document No.
435, Eighty-first Congress, 2nd session, recommended that the existing project be
modified to provide a 10-foot deep anchorage basin in Somers Cove with a 10-foot deep
approach channel from that depth in the Little Annemessex River.

POCOMOKE CITY AND SNOW HILL, MARYLAND

Prior studies and reports for the Pocomoke City and Snow Hill area have been limited to
the following navigation studies of the Pocomoke River.

a. The River and Harbor Act of 17 August 1894, authorized a preliminary
examination and survey of "Pocomoke River, MD., with a view to uniting the waters of
said river with the waters of Sinepuxent Bay at a point above Snow Hill and of improving
said river between Shad Landing and Snow Hill." The reports which are printed in the
1895 Annual Report of the Chief of Engineers, were favorable only to an improvement
between Shad Landing and Snow Hill and form the basis for the upper portion of the
existing project.

b. The River and Harbor Act of 25 July 1912, authorized a preliminary
examination and survey, and the reports, printed in House Document No. 1165, Sixty-
fourth Congress, lst session, were favorable to providing a channel 100 feet wide and 7
feet deep at mean low water from the mouth of the river to Shelltown, thence 9 feet at
mean low water at Snow Hill. The project was not adopted by Congress.

c. The River and Harbor Act of 3 July 1930, authorized a preliminary examination
and survey of the area at the mouth of the river known as The Muds. The reports,
printed in House Document No. 227, Seventy-fourth Congress, lst session, were favorable
to providing a channel 100 feet wide and 7 feet deep at mean low water from the 7-foot
contour in Pocomoke River through the base of Williams Point to the 7-foot contour in
Pocomoke Sound, subject to certain conditions of local cooperation, and form the basis
for the existing project at the mouth of the Pocomoke River, known as The Muds,

d. The River and Harbor Act of 26 August 1937, authorized a preliminary
examination of "Pocomoke River from a point above Snow Hill to deep water in
Pocomoke Sound." The reports were unfavorable and were not printed,

e. The Committee on Rivers and Harbors of the House of Representatives, United
States, by resolution adpoted 21 October 1938, authorized a review of reports on
Pocomoke River in House Document No. 1165, Sixty-fourth Congress, lst session, and
previous reports. The review reports were favorable to the extension of Document No.
429, Seventy-sixth Congress, 1st session.

f. The River.and Harbor Act approved 2 March 1945 authorized a preliminary
examination and survey which resulted in a recommendation that the existing project be
modified to provide a channel 11 feet deep from the l1-foot depth curve in the
Pocomoke River to Tulls Point. The project was subsequently authorized, but never
constructed.
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ROCK HALL, MARYLAND

Prior reports were in the interest of navigation improvements for Rock Hall Harbor. A
summary of these reports follows.

a. The River and Harbor Act of 19 September 1390, provided for a preliminary
examination of Rock Hall Harbor. It called for a channel 10 feet deep by 100 feet wide
and 5,650 feet long, and a channel with the same width and depth one mile across Swan
Point Bar. The project was authorized by the River and Harbor Act of 3 June 1896, and
was completed on 14 June 1898. The channel across Swan Point Bar was dredged to only
60 feet wide.

b. The River and Harbor Act of 3 March 1899, called for a reexamination of the
project. The report provided for widening and deepening of the channels to 150 feet and
12 feet, respectively.

c. The River and Harbor Act of 4 March 1913, authorized the channel
improvements contained in the previous report (R&H 1899). Channel depths were
dredged to 10 feet instead of 12 feet. The project was never completed due to heavy
shoaling and was abandoned in August 1914.

d. Avreport dated 25 August 1913, and printed in House Document No. 207, Sixty-
third Congress, 1st session, from the Chief of Engineers, presented the results of a
preliminary study for extending navigation channels. An extension of the inner channel
into a small inlet southeast of the upper end of the inner harbor by the dredging of a
channel 8 feet deep and 60 feet wide with an anchorage basin 200 feet by 300 feet was
proposed to secure additional anchorage area. The project was turned down due to the
abandonment of the main channels.

e. Avreport dated 4 December 1915, and printed in House Document No, 57, Sixty-
fourth Congress, lst session, from the Chief of Engineers, reexamined the 1913 proposals
and concluded the project still was unacceptable.

f. A report dated 2 April 1937, printed in House Document No. 204, Seventy-fifth
Congress, lst session, from the Chief of Engineers, approved a plan to improve the
harbor. It called for a channel 60 feet wide and 7 feet deep from the inlet to the harbor
frontage, a channel of similar depth and width paralleling the frontage for a distance of
700 feet, an anchorage 800 feet long, 100 feet wide, and 7 feet deep by the northwest
extension of the channel, and small stone breakwaters 1,590 feet in total length. Also, a
500-foot long bulkhead on the north edge of the basin was considered. This project was
completed in 1939.

g. Areport dated 11 March 1947, printed in House Document No. 273, Eightieth
Congress, st session, from the Chief of Engineers, approved an enlargement of the
harbor channels. It provided for enlarging the entrance channel and channel parallel to
the harbor terminals to a width of 100 feet and a depth of 10 feet, deepening the easterly
250 feet of the project anchorage basin to 3 feet, and excavating a basin 200 feet wide,
and 8 feet deep for a distance of 600 feet in a southwest direction from the west end of
the anchorage. The project was completed in 1957.
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h. Areconnaissance report for addtional navigation improvements was completed
in October 1972 and was the basis for a feasibility report completed in December 1978,
The feasibility report recommended that the existing breakwaters be raised and extended
to provide additional wave protection.

ST. MICHAELS, MARYLAND

Under the authority of Section 107 of the River and Harbor Act of July 1960, a Detailed
Project Report in the interest of navigation was completed in December 1961, The
report recommended that a channel 6 feet deep and 50 feet wide be provided from the 6-
foot depth curve in the inner harbor to and including a 100-foot wide and 200-foot long
basin of the same depth. The project was subsequently authorized and constructed in
1964.

TILGHMAN ISLAND, MARYLAND

All prior studies and reports pertaining to Tilghman Island were in the interest of
navigation and are listed as follows:

a. Studies authorized by the River and Harbor Act of 25 June 1910, printed in
House Document No. 400, Sixty-second Congress, 2nd session, were favorable to
provision of an anchorage basin 300 feet wide, 700 feet long and 10 feet deep. The
improvements were authorized by the River and Harbor Act of 25 July 1312, but were
not constructed as they did not meet the desires of local interests.

b. Review of the authorized projert with a view towards modification was
authorized by the River and Harbor Act of 4 March 1913, The results of the studies,
published as House Document No. 796, Sixty-third Congress, 2nd session, recommended
provision of an anchorage basin 8 feet deep of irregular shape about 400 feet by 400
feet. These improvements were authorized by the River and Harbor Act of 2 March
1919, As potential commerce was not believed to be sufficient to justify provision of the
project, construction was not initiated, and in 1926 the project was recommended for
abandonment (House Document No. 467, Sixty-ninth Congress, 2nd session).

¢. Inresponse to a 15 August 1961 resolution by the Committee on Public Works of
the House of Representatives to review past reports on Tilghman Island Harbor, a report
was completed in August 1965. The study found that provision of a channel 60 feet wide
and 6 feet deep and including two anchorage basins, 300 feet long by 70 feet wide and
500 feet long by an average width of 110 feet was justified and advisable, These
improvements were authorized on 13 May 1966 under Section 107 of the River and
Harbor Act of 1960 and serve as the basis for the existing project. At the request of
local interests, the project was modified to provide a single anchorage basin of irregular
shape about 500 feet long and 200 feet wide. The project was constructed in 1971,

d. Under the authority of Section 107 of the River and Harbor Act of 1960, as
amended, a study to determine the feasibility of providing improvements to the existing
Tilghman Island Harbor navigation project was undertaken and completed in 1980, The
project was authorized for construction by the Chief of Engineers under Section 107 on
20 October 1980. Construction of a small breakwater began in April 1982 and was
completed in December 1982,
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CAPE CHARLES, VIRGINIA

Several reports have been submitted to the Congress by the Corps for the improvement
of the harbor adjoining Cape Charles to the south. As a result, Cape Charles Harbor has
been dredged to a depth of 18 feet, Mud Creek Channel to a depth of 10 feet, and the
adjoining harbor of refuge to a depth of 7 feet.

A report dated 31 May 1961, on a hurricane survey of the Eastern Shore of Virginia was
submitted in compliance with Public Law 71, Eighty-fourth Congress, 1st session. Cape
Charles was included in this survey. The report recommended that Federal
improvements for hurricane protection for the Eastern Shore of Virginia not be
undertaken.

A flood plain information report dated May 1970 was prepared by the Corps and
submitted to the town. It indicated the high water situation and the potential for future
flooding. A flood insurance study to account for the effect of wave action was prepared
by Dewberry and Davis and became effective on 2 February 1983. A shoreline situation
report on Northampton County was published by the Virginia Institute of Marine Science
in 1974,

A national shoreline study was prepared by the Chief of Engineers on 4 May 1973 and
included in House Document 93-121, Ninety-third Congress, 1st session. It encompassed
shoreline erosion data along the coastal regions of the United States,

A flood insurance study dated July 1975 was prepared by the Corps for Northampton
County and submitted to the Flood Insurance Administration.

The State Water Control Board prepared a report entitled "Small Coastal River Basins
and Chesapeake Bay, Virginia, Eastern Shore Portion, Comprehensive Water Resources
Plan, Volume V-A Water Quality Management Plan, Planning Bulletin 253 A, June 1976."

"A Process for the Review and Evaluation of the Management of Virginia's Coastal
Resources" was prepared by the Office of the Secretary of Commerce and Resources and
adopted in December 1980,

"Storm Surge Height-Frequency Analysis and Model Prediction for Chesapeake Bay,
Special Report No. 189," dated June 1978, was prepared by the Virginia Institute of
Marine Science. This report was to be used by the Federal Insurance Administration.

A 1979 report of the President's Council on Environmental Quality called national
attention to conditions in Chesapeake Bay.

"Eastern Shore of Virginia Resource Conservation and Development Project Plan," was
published in December 1975 and prepared by the Eastern Shore of Virginia Resource
Conservation and Development project sponsors which included the Accomack County
and Northampton County Boards of Supervisors, the Eastern Shore Soil and Water
Conservation District and the Accomack - Northampton Planning District Commission
#22, assisted by the U.S. Department of Agriculture and other cooperating agencies.

"The Northampton County Background Study, January 1975" and the Brown and Root

Impact Study, February 1975" were prepared by Urban Pathfinders, Inc., Baltimore,
Maryland for the Northampton County Planning Commission in connection with an
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evaluation of the Brown and Root proposal to fabricate large metal structures including
off-shore oil and gas platforms and other related equipment on a 980-acre site in Cape
Charles.

HAMPTON ROADS, VIRGINIA

A report entitled "Norfolk, Virginia" was prepared by the Corps in response to Public Law
71, Eighty-fourth Congress, 1st session. It was published in House Document 354, Eighty-
seventh Congress, 2nd session, dated 6 October 1961. In this report, the Chief of
Engineers recommended improvements for the prevention of hurricane tidal damage in
the Norfolk central business district.

A report entitled "Interim Report on Hurricane Survey - South Shore of Chesapeake Bay
from Hampton Roads to Little Creek" was prepared by the Corps in response to Public
Law 71, Eighty-fourth Congress, lst session. It was published in House Document 215,
Eighty-eighth Congress, 2nd session, dated 29 November 1963. In this report, the Chief
of Engineers recommended that Federal improvements for hurricane protection, other
than those authorized for the central business district of Norfolk by the Flood Control
Act of 1962, and for the South Shore of Chesapeake Bay from Hampton Roads to Little
Creek, Virginia, not be undertaken at this time,

An interim report entitled "Middle and Lower Peninsulas of Virginia" was prepared by the
Corps in response to Public Law 71, Eighty-fourth Congress, st session. It was published
in House Document No. 288, Eighty-eighth Congress, 2nd session, dated 26 March 1964,
It does state that many buildings and residences have been constructed on the wide
lowlands adjacent to the coast, where the elevation is below 10 feet NGVD, The Chief of
Engineers recommended that Federal improvement for tidal flood protection not be
undertaken.

Hampton Roads Water Quality Plan dated 31 May 1978, was prepared by the Hampton
Roads Water Quality Agency. Flood plain information reports were prepared for Virginia
Beach, Norfolk, Chesapeake, Portsmouth, and Hampton in the early 1970's. Flood
insurance studies were completed in the late 1970's for these communities. Wave height
studies have been prepared for Virginia Beach, Norfolk, Portsmouth, and Hampton,

"A Process for the Review and Evaluation of the Management of Virginia's Coastal
Resources, December 1980" was prepared by the Office of the Secretary of Commerce
and Resources, The report provides information on the prudent management and
preservation of the coastal land and water resources in Virginia.

POQUOSON, VIRGINIA

An interim report entitled "Middle and Lower Peninsulas of Virginia" was prepared by the
Corps in response to Public Law 71, Eighty-fourth Congress, 1st session. It was published
in House Document No. 288, Eighty-eighth Congress, 2nd session, dated 26 March 1964,
In this report, a preliminary plan was considered for protecting Poquoson against a tidal
stage of elevation 10, or about 2 feet above the height of the August 1933 hurricane or
3.6 feet above the level of the northeaster in 1962. The proposed dikes and/or walls
would have had to encircle practically the entire community and would have varied in
height from 0 to 12 feet above the ground. Protection would have been provided for
about 3,100 acres of land. Four pumping stations would have been required and roads
would have been ramped over the dike to eliminate the necessity for closures. The plan
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would have included adjustments to interior drainage facilities made necessary by
construction of the dike and pumping stations. A rough estimate of the cost was $3,9
million and the benefit-cost ratio was 0.3. Construction of levees and appurtenant works
for any portion of the area considered in the above plan was not believed to be
economically justified.

A National Shoreline Study was prepared by the Chief of Engineers on 4 May 1973 and
included in House Document 93-121, Ninety-third Congress, 1st session, It encompassed
shoreline erosion data along the coastal regions of the United States,

"A Shoreline Situation Report" and "Tidal Marsh Inventory" were prepared by the Virginia
Institute of Marine Science in August 1974,

"A Comprehensive Plan—City of Poquoson, Virginia, 1975," was prepared by the Poquoson
City Planning Commission,

A flood plain information report on the extent of coastal flooding in Poquoson was
prepared by the Corps in June 1971, A flood insurance study was prepared for the
Federal Insurance Administration in November 1976. This study only took stillwater into
account in the determination of flood heights. A revised flood insurance study, taking
into account wave action was published by the FIA in August 1983.

"A Process for the Review and Evaluation of the Management of Virginia's Coastal
Resources" was prepared by the Office of the Secretary of Commerce and Resources and
adopted in December 1980.

"Hampton Roads Water Quality Management Plan, June 1978" was prepared by the
Hampton Roads Water Quality Agency. It encompassed Virginia Planning Districts 20
and 21.

"Storm Surge Height-Frequency Analysis and Model Prediction for Chesapeake Bay,
Special Report No. 189," dated June 1978, was prepared by the Virginia Institute of
Marine Science. This report was prepared for the Federal Insurance Administration.

TANGIER ISLAND, VIRGINIA

Several reports have been submitted to the Congress by the Corps of Engineers for the
construction of a channel and anchorage basin on the north side of the inhabited portion
of the island. As a result, channels 7 and 8 feet in depth connect the island with Tangier
Sound to the east and Chesapeake Bay to the west,

A Shoreline Situation report was prepared by the Virginia Institute of Marine Science in
1974,

The State Water Control Board prepared a report entitled "Small Coastal River Basins
and Chesapeake Bay, Virginia Eastern Shore Portion, Comprehensive Water Resources
Plan, Volume V-A Water Quality Management Plan, Planning Bulletin 253 A, June 1976."

"Report on 201 Facilities Plan for Tangier Island" was prepared by Shore Engineering
Company in 1976 for the State Water Control Board.
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"Storm Surge Height-Frequency Analysis and Model Prediction for Chesapeake Bay:
Special Report No. 189," dated June 1978, was prepared by the Virginia Institute of
Marine Science. This report was prepared for the Federal Insurance Administration,

A flood insurance study taking into account the effect of wave action was published in
October 1982 by the Federal Insurance Administration.

WEST POINT, VIRGINIA

Several reports have been submitted to the Congress by the Corps for improvement of
the channel in York River, As a result, there is a channel 22 feet deep from the mouth
to West Point.

An interim report entitled "Middle and Lower Peninsula of Virginia" was prepared by the
Corps in response to Public Law 71, Eighty-fourth Congress, lst session. It was published
in House Document No. 288, Eighty-eighth Congress, 2nd session, dated 26 March 1964,
No mention of a serious tidal problem is made in this report. It does state that many
buildings and residences have been constructed on the wide lowlands adjacent to the
coast, where the elevation is below 10 feet NGVD. The Chief of Engineers recommended
that Federal improvement for tidal flood protection not be undertaken.

"York River Basin Water Quality Management Plan, Volume V-A, Planning Bulletin 229-
A, 1976" was prepared by Roy F. Weston for the Virginia State Water Control Board.

"Storm Surge Height-Frequency Analysis and Model Prediction for Chesapeake Bay,
Special Report No. 189," dated June 1978 was prepared by the Virginia Institute of
Marine Science for the Federal Insurance Administration.

"A Process for the Review and Evaluation of the Management of Virginia's Coastal
Resources" was prepared by the Office of the Secretary of Commerce and Resources and
adopted in December 1980,

EXISTING CONDITIONS

This section of the appendix provides an overview of the physical, environmental, socio-
economic and institutional characteristics of those communities selected for detailed
study. A more detailed description of the physical and social characteristics of the
communities is found in Appendix C - Recreation and Natural Resources and Appendix D
- Social and Cultural Resources.

CAMBRIDGE, MARYLAND

PHYSICAL CHARACTERISTICS

Cambridge is located in Dorchester County in the central part of Maryland's eastern
shore where the Choptank River forms the boundary between Dorchester and Talbot
Counties. As shown in Figure A-2, Cambridge is located on the Choptank River, one of
the two major tidal rivers which drain the county. Dorchester County lies entirely within
the Atlantic Coastal Plain and is a low-lying, gently rolling, terraced plain which ranges
in elevation from sea level to a maximum of about 50 feet above sea level. The
elevations in Cambridge range from sea level to about 30 feet NGVD. The soils of
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Dorchester County are loams, sandy loams, silt loams and clay loams. The excellent soil
in the county is considered to be one of the most important mineral resources. Sand and
gravel are found in the northern part of the county, but are only of sufficient size and
quality for local use.

Dorchester County lies in a region midway between the rigorous climate of the north and
the mild climate of the south. The county is located in the middle latitudes and has a
continental type climate with four well defined seasons. The Chesapeake Bay and the
Atlantic Ocean, to a lesser extent, tend to control the climate by moderating the
temperature. The mean annual temperature is approximately 56 degrees (F) and the
average annual precipitation is approximately 43 inches,

ENVIRONMENTAL CHARACTERISTICS

Water quality in the Cambridge Harbor area of the Choptank River exceeds
bacteriological standards of the State of Maryland for Class II waters (shellfish
harvesting). The Cambridge Harbor area has been closed to shellfish harvesting since
1963 due to high concentrations of fecal and total coliform bacteria which are the result
of poor or improper sewage treatment and storm runoff from upriver sources. Although
a large number of industries discharge their effluents into the river, the river does not
appear to have a heavy metal problem.

With regard to the biota of the area, the Choptank River downstream from Cambridge
supports a viable oyster fishery during the fall and winter, and a blue crab fishery during
the summer and fall. The Choptank also supports a variety of finfish which are harvested
commercially and for sport. Important species of finfish include blue back herring,
alewife, striped bass, white perch, catfish and American shad. The Choptank River is
one of the more important waterfowl areas in the Upper Chesapeake and supports large
populations of several varieties of ducks and geese. The fish and wildlife benefit from
the wetlands of the area which are comprised primarily of coastal salt marsh and
irregularly flooded salt marsh.

SOCIO-ECONOMIC CHARACTERISTICS

In 1970, Cambridge had a popluation of 11,595 which represented a 5.2 percent decrease
from that reported in 1960. The population was somewhat aged with 48 percent of the
population 35 years or older. The occupational distribution of Cambridge was highly
concentrated in the operatives category (29 percent). The overwhelming majority of
industrial employment in Cambridge was in the manufacturing sector (39.7 percent)
followed far behind by the wholesale and retail trade sector (17.1 percent).
Unemployment in 1970 was approximately 5 percent.

With regard to transportation, Cambridge is served by a network of state and Federal
highways. Rail, bus, truck and air service are available either in the community or
within close proximity. The Port of Cambridge is the only deepwater seaport on the
eastern shore, The existing Federal navigation channel (16 feet deep) and an existing
state navigation channe! (25 feet deep) handle primarily fish products and sand, gravel,
crushed rock and slag.
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Table A-4 shows the various types of land use in the City of Cambridge. Most significant
is the agricultural and wooded areas followed by residential development. It should be
noted that annexations in 1974 and 1976 increased the area of the City by almost 1500
acres,

TABLE A-4
LAND USE IN CAMBRIDGE, MARYLAND
(1976)

CATEGORY ACREAGE PERCENT OF TOTAL
Residential 952.7 27.7
Commercial 219.0 6.4
Industrial 180.7 5.2
Agricultural, Wooded 1,711.5 49.7
Public, semi-public 247.7 7.2
Parks, open space 132.4 3.3

TOTAL 3,444.0 100.0

There are approximately 260 sites in the vicinity of Cambridge identified by the
Maryland Historical Trust as being significant to the history of the town and county and
which wil] be submitted for inclusion in the National Register of Historical Places. Four
of these sites, Glasgow, Brinsfield I Site, Stanley Institute, and Yarmouth are currently
listed on the National Register. In terms of reported archeological sites in the vicinity
of Cambridge (within a one mile radius), the Maryland Geological Survey identified five
existing sites (two historical, three aboriginal) of low to medium sensitivity (i.e., may be
eligible for inclusion in the National Register). The Maryland Geological Survey also
noted that there is high potential for significant archeological resources within
Cambridge. '

INSTITUTIONAL CHARACTERISTICS

Water resources planning in Cambridge may effect or be affected by various water
resouces-related programs at the Federal, State and local level. Those Federal and State
of Maryland agencies most likely to influence planning are listed in Table A-5.

At the local level, Dorchester County is governed by five commissioners who are elected
for a term of four years. Cambridge also has a commissioner type of government. The
local agencies most affected by water resources programs would include those
responsible for recreation, planning and zoning, transportation, education and county
services,

CRISFIELD, MARYLAND

PHYSICAL CHARACTERISTICS
Crisfield, the southernmost city in Maryland, is located in Somerset County at the

terminus of Maryland Route 413. The community as shown in Figure A-3 is on the Little
Annemessex River, just off Tangier Sound at the lower portion of Maryland's Chesapeake
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Bay. Somerset County is extremely flat and low with only a small portion of the county
having an elevation of 50 feet or more (NGVD). The elevations in Crisfield range from
about zero NGVD to about 10 feet NGVD. The soils in the Crisfield area are generally
poorly drained and are classified as having only "fair suitability" for agricultural
purposes.

TABLE A-5

FEDERAL AND STATE AGENCIES
INVOLVED IN WATER RESOURCES PLANNING

FEDERAL
Environmental Protection Agency Housing and Urban Development
Federal Emergency Management Agency National Marine Fisheries Service
Fish and Wildlife Service Coast Guard
National Park Service Ofifice of Coastal Zone Management
National Weather Service Geological Survey
Heritage Conservation & Recreation Service Soil Conservation Service

STATE OF MARYLAND

Department of Natural Resources Department of Transportation
Department of State Planning Department of Health and Mental
State Historical Preservation Office Hygiene

Somerset County has a continental type climate with four well defined seasons. The Bay
and the Atlantic Ocean, to a lesser extent, tend to control the climate by moderating the
temperature. Based on the county weather station at Crisfield the mean annual
temperature is approximately 56 degrees (F) and the average annual precipitation is
approximately 43 inches,

ENVIRONMENTAL CHARACTERISTICS

Water quality in the Crisfield area appears to be good. An intensive survey of the Little
Annemessex River and its tributaries was conducted during July 1976. All Maryland
standards for Class Il and Class I water were met. One biological station was also
sampled at Crisfield. The species diversity index was 2,90 (3.0 as a minimum for clean
water designation) indicating good water quality.

Crisfield and the surrounding area abounds with fish and wildlife. In addition, within the
city limits, there are significant vacant areas, many of which are wooded with pine and
deciduous trees. The most significant wildlife habitat is the wetlands which comprise 13
percent of the City with most occurring in the Jersey section of the city. This land
supports a variety of wildlife including wateriowl, rodents, deer, fox and other species.
Vegetation consists primarily of grasses and typical marsh plants with few areas being
wooded. The grassy, water areas are important nursery areas for fingerling fish and
shellfish.
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SOCIO-ECONOMIC CHARACTERISTICS

The 1970 census showed a population of 3,075 for Crisfield. Approximately 53 percent of
the population was 35 years of age or older. Population has been declining for several
dacades in both Somerset County and in Crisfield.

Crisfield reflects the tendency of Somerset County toward a relatively low skilled labor
force with approximately 22.6 percent of the work force aged 16 years or older employed
as operatives and with only 15.6 percent of this work force classified as professional or
managerial. Industrial distribution of employment in Crisfield indicates that 29.5
percent of the work force 16 years of age or older are employed in wholesale and retail
trade while manufacturing constitutes 23,2 percent. Unemployment in 1970 was
approximately 16 percent,

With regard to transportation, Md. Route 413 links Crisfield with other areas of the
County and is the major highway in the community. Other streets, such as Somerset
Avenue, Jacksonville Road, Main Street/Md. 380, and 4th Street/Woodson Schoo!l Road
carry a rather high volume of traffic. At present there is no public transportation and no
rail service in Crisfield. Scheduled trucking service does exist for Somerset County.

The Harbor in Crisfield, while authorized for a depth of 14 feet has only an 8-foot
channel because of siltation problems. Traffic in Crisfield Harbor is involved
predominantly with shellfish, The Crisfield Airport, a municipally operated facility 3
miles north of Crisfield, has two lighted runways. Services and facilities available
include fuel, major maintenance, tie downs and taxi service.

The predominant land use category in Crifield is residential. Other information on
Somerset County land use policies is scarce with comments limited to the fact that
Princess Anne, Westover, and Crisfield are the major areas in the county for residential,
commercial, and industrial development. Most heavy concentrations of commercial
activity, vacant lots, multi-family use and a few scattered industrial uses occur in a
seven-block strip close to the river,

There are four historical sites in the Crisfield vicinity that have been identified by the
Maryland Historical Trust as being significant to the history of the town and county and
which will be submitted for inclusion in the National Register of Historic Places. One of
these, Make Peace, is currently listed on the National Register, In terms of reported
archeological sites in the vicinity of Crisfield, the Maryland Geological Survey indicated
that there are no sites recorded in the area, though there does exist a high potential for
sites within the Crisfield area.

INSTITUTIONAL CHARACTERISTICS

The Federal and Maryland State agencies most likely to influence water resources
planning in Crisfield are listed in Table A-5, Somerset County is governed by a Board of
County Commissioners consisting of five members who are elected at large for a term of
four years. Crisfield is governed by a mayor and three councilmen who are elected for a
term of four years. The local agencies with programs which may influence water
resource management in Crisfield are those responsible for recreation, planning and
zoning, transportation, education and county services.
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POCOMOKE CITY, MARYLAND

PHYSICAL CHARACTERISTICS

As shown in Figure A-4, Pocomoke City is located on the Pocomoke River in the
southwest part of Worcester County, about 5 miles from the Virginia state line,
Worcester County is in the Atlantic Coastal Plain and is generally flat with some
elevations rising to as high as 64 feet NGVD. However, the average elevation is about 35
feet NGVD. The four main physiographic divisions are the mainland, and coastal beach,
the marshes, and the freshwater swamps. The major portion of the County drains in a
southwesterly direction into the Pocomoke River and its tributaries and then into the
Chesapeake Bay. The elevations in Pocomoke City range from about zero NGVD to
approximately 30 feet above NGVD.

As noted in earlier descriptions of the climatic conditions of the region, Pocomoke City
has a continental type climate. Monthly average temperatures range irom a low of 33
degrees (F) in January to a high of nearly 77 degrees (F) in July. The mean annual
temperature is approximately 57 degrees (F) and the average annual precipitation is
approximately 29 inches. ‘

ENVIRONMENTAL CHARACTERISTICS

Generally speaking, the water quality in the Pocomoke River is good with only some
localized problems near the major population centers such as Pocomoke City. The
problems in the Pocomoke City area may be characterized as overenrichment, oxygen
depletion and bacterial contamination that are the result of both non-point (failing septic
systems, urban runoff and boating activities) and point (Pocomoke City Wastewater
Treatment Plant and industrial discharges) sources,

The Pocomoke River and adjacent wetland area provide an excellent habitat for
numerous waterfowl, wildlife and fish species. Unique to the region are several cypress
swamps located along the river.

SOCIO-ECONOMIC CHARACTERISTICS

The 1970 census showed that the population of Pocomoke City increased slightly in the
period 1960-1970 from 3,329 to 3,573, or by 7.3 percent. The median age of the
population in Pocomoke City was 34.5 years which is significantly above the State
median of 27.1 years,

The occupational distribution in Pocomoke City shows a preponderance of employment in
the sales and clerical category with approximately 26 percent of the work force aged 16
years or older in this group. Industrial employment figures indicate that approximately
27 percent of the industrial employment in Pocomoke City in 1970 was in the area of
wholesale and retail trade. Unemployment in 1970 was fairly low at 4.7 percent in the
work force. '

Rail service is provided directly to Pocomoke City while truck and bus service is
regularly provided to the County. The Port of Cambridge is the nearest deepwater port
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to Worcester County and is located approximately 50 miles northwest of Pocomoke
City. The Pocomoke River is commercially navigable and is used for the barging of
petroleum products and wood chips. Air service is provided by both the Ocean City
Municipal Airport and the Salisbury-Wicomico County Airport.

As seen in Table A-6, the primary land use category in Pocomoke City is residential
representing more than one third of the total developed area.

TABLE A-6
LAND USE IN POCOMOKE CITY, MARYLAND
(1966)
PERCENTAGE OF
LAND USE TYPE ACRES DEVELOPED AREA
Residential 218 36.2
Commercial 27 4.5
Industrial & Utilities 43 3.0
Streets, Highways, Rails 138 . 23.0
Parks, Cemeteries 124 20.6
Public & Semi-Public 46 7.7

There are nine historical sites in the Pocomoke City vicinity which have been identified
by the Maryland Historical Trust as being significant to the history of the town and
county. There are no reported archeological sites in the vicinity of Pocomoke City but it
should be noted that a systematic survey of the area has not yet been conducted.

INSTITUTIONAL CHARACTERISTICS

Water resources planning in Pocomoke City may affect various water resources-related
programs at the Federal, State and local level. Those agencies most likely to be
impacted are listed in Table A-3.

Worcester County is governed by five county commissioners who are elected for a four
year term. Pocomoke City has an elected mayor and five councilmen who serve two and
three year terms, respectively.

ROCK HALL, MARYLAND

PHYSICAL CHARACTERISTICS

Rock Hall, shown in Figure A-3, is located in the southwesternmost portion of Kent
County. The County itself is bordered on the north by the Sassafras River, on the east by
the State of Delaware, and on the south by the Chester River, The elevations in Rock
Hall range from zero to 25 feet above NGVD.

The soils of the county vary. The Elkton type consists of deep, poorly drained soil with a

gray, mottled fine textured subsoil. The Othello series consists of poorly drained soils
developed on silty deposits underlain by beds of sandy material. The Fallsington series
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consists of sandy materials containing some silt and clay. All soil types tend to be wet
and require tile drainage. The Rock Hall vicinity is characterized by soils of the Elkton-
Othello type.

Kent County lies in a region midway between the rigorous climate of the north and the
mild climate of the south. The County is located in the middle latitudes and has a
continental type climate with four well defined seasons. The Chesapeake Bay and the
Atlantic Ocean have a certain modifying effect on the climate of the County. The
average summer temperature is approximately 75 degrees (F) and approximately 36
degrees (F) in the winter with average yearly precipitation of approximately 43 inches.

ENVIRONMENTAL CHARACTERISTICS

Water quality in Rock Hall Harbor is not good. Water pollution in this area has closed
the offshore shellfish beds since 1964. Sewage disposal in this area of poorly drained
soils and limited financial resources is a problem as sewage has been disposed of over the
years by means of private subsurface disposal systems or by disposal directly into
ditches. A sewage collection and treatment system has been built which provides service
to all properties within the city limits, Other sources of pollution are fish processmg
wastes and the anti-fouling agents used on boat hulls.

The biota of the area is rather restricted with commercial concentrations of clams
confined to the area of the Bay south of the Chester River. Though oyster bars do exist
in the area of Rock Hall, the Maryland Department of Health and Mental Hygiene notes
that the bars have been closed to harvesting since 1964. Rock Hall also serves as a
nursery area for finfish with the saltmarshes on the inside of the breakwaters serving this
purpose.

The Rock Hall area is heavily used by Atlantic flyway migratory waterfowl. Geese and
swans constitute almost 90 percent of the waterfowl in the Chester River while ducks
constitute the remainder.

SOCIO-ECONOMIC CHARACTERISTICS

The population of Rock Hall increased 2.6 percent from 1,073 in 1960 to 1,101 in 1970,
The median age in 1970 was 34.9 years which compares to the 1970 State figure of 27.1
years.

The occupational distribution of Rock Hall is concentrated in traditionally low-skilled
categories such as laborers and clerical and sales. The majority of industrial employment
in Rock Hall occurs in the area of wholesale and retail trade, closely followed by the
construction and manufacturing categories, with emphasis on marine-related activities in
the lattermost category. Though unemployment in 1970 was fairly low at 3.9 percent,
the County, since 1972, has been designated as "substantially and persistently"
unemployed by the Department of Commerce Economic Development Administration.

Truck, bus, and rail service are available in Chestertown. The closest air service is
provided by the Greater Wilmington Airport, located approximately 60 miles northeast of
Rock Hall. The nearest deepwater port on the eastern shore is located in Cambridge
approximately 50 miles south of Chestertown. The harbor of Rock Hall has an approach
channel of 15 feet in depth and handles primarily commodities such as fish products.
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Land use in Rock Hall is shown in Table A-7 which indicates that the most significant
category is residential.

TABLE A-7
LAND USE IN ROCK HALL, MARYLAND
(1965)
PERCENTAGE OF
LAND USE TYPE ACRES DEVELOPED AREA
Residential 104.6 52.0
Commercial &5 3.5
Industrial 9.6 3.0
Public & Semi-Public 28.4 10.0
Streets and Roads 50.8 31.0

There are 18 sites in the Rock Hall area identified by the Maryland Historical Trust as
being significant to the history of the town and county. In terms of reported
archeological sites in the vicinity of Rock Hall, the Maryland State Archeologist has
indicated that there are six sites reported of medium sensitivity. It has also been noted
that there is a high potential for significant archeological resources within Rock Hall due
to the community's use as a landing in the early 17th century.

INSTITUTIONAL CHARACTERISTICS

Kent County is governed by three commissioners elected for a term of four years. The
local agencies most affected by water resources programs would include those
responsible for recreation, planning and zoning, transportation, education and county
services,

Water resources planning in Rock Hall may affect or be affected by various water

resources-related programs at the Federal, state and local level. Those Federal and
Maryland State agencies most likely to influence planning are listed in Table A-5.

SNOW HILL, MARYLAND

PHYSICAL CHARACTERISTICS

As shown in Figure A-6, Snow Hill is located 30 miles upstream from the mouth of the
Pocomoke River in central Worcester County, approximately 145 miles south of
Philadelphia and approximately 12 miles from the Atlantic Ocean. The elevations in
Snow Hill range from zero to 25 feet above NGVD while the County elevations have an
average of approximately 35 feet above NGVD.

The county is located in the middle latitudes and has four well defined seasons. The
Atlantic Ocean has a considerable modifying control on the County's climate. The
average summer temperature of the County is 74.8 degrees (F) and 38.7 (F) degrees in
the winter with average yearly precipitation of approximately 29 inches.
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ENVIRONMENTAL CHARACTERISTICS

Water quality in the Snow Hill area of the Pocomoke River seems fairly good, with
generally all Class I standards for dissolved oxygen, pH, turbidity and fecal coliform
values being met.

Biota in the area includes largemouth bass, black crappie, striped bass, branch herring,
hickory shad, white shad, pickerel, and channel catfish. Puddle ducks use the area for
resting and feeding while the area is also utilized by wood ducks.

SOCIO-ECONOMIC CHARACTERISTICS

The 1970 census indicated that the population of Snow Hill decreased by 4.8 percent,
from 2,311 to 2,201, over the 1960-1970 period. The 1970 census also indicated that the
median age of the population was 33.3 years which was significantly higher than the
State median age of 27.1 years.

The occupational distribution of Snow Hill indicates that a large portion of those
employed in the town are in traditionally low-skilled, low income occupations such as
operatives and sales and clerical categories. The industrial employment distribution in
Snow Hill reveals a large proportion of the work force (approximately 35 percent)
employed in the manufacturing sector which is very consistent with both State and
County trends. Moreover, this manufacturing employment seems to be fairly diverse.

Rail service is provided directly to Snow Hill, while truck, air and bus service is provided
to the county. There is no public transportation in the town of Snow Hill. The port of
Cambridge is the nearest deepwater port to Worcester County and is located
approximately 50 miles northwest of Snow Hill. Snow Hill is at the head of navigation on
the Pocomoke River which is used primarily for barge transportation of petroleum
products and wood chips.

Land use in Snow Hill as shown in Table A-8 indicates that the predominant use in the
town is for residential purposes.

TABLE A-8
LAND USE IN SNOW HILL, MARYLAND
(1974)
PERCENTAGE OF URBAN DEV.
LAND USE TYPE ACRES WITHIN CORPORATE LIMITS
Residential 250 61.0
Commercial 15 3.9
Industrial and Utilities 54 13,9
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There are approximately 40 sites in the vicinity of Snow Hill which have been identified
by the Maryland Historical Trust as being of significance to the history of the town and
county.

In terms of reported archeological sites in the vicinity (approximately a one mile radius
of the town) of Snow Hill, the Maryland State Archeologist indicated that there are two
reported sites of medium sensitivity. It should be noted that Snow Hill is one of the
oldest towns in Maryland and possesses a high potential for significant archeological
resources,

INSTITUTIONAL CHARACTERISTICS

Water resources planning in Snow Hill may affect or be affected by various water
resources-related programs at the Federal, State, and local level. Those Federal and
Maryland State agencies most likely to influence planning are listed in Table A-5.

At the local level, Worcester County is governed by five County commissioners who are
elected for a four year term. The local agencies most affected by water resources
programs would include those responsible for recreation, planning and zoning,
transportation, education and county services.

ST. MICHAELS, MARYLAND

PHYSICAL CHARACTERISTICS

St. Michaels is located in the eastern portion of Talbot County on the Miles River as
shown in Figure A-7. The elevations in St. Michaels range from zero to 15 feet above
NGVD. The elevation in the County rarely exceeds 20 feet with the land gently sloping
higher to the east, northeastern part of the County. The highest point is 72 feet NGVD
about three miles east of Easton. Talbot County is part of the Atlantic Coastal Plain and
its topography is mostly flat.

The County lies in a region midway between the colder climate of the north and the mild
climate of the south, It is located in the middle latitudes with four well defined

seasons. The average summer temperature is 75.2 degrees (F) and 36.7 degrees (F) in the
winter. Average yearly precipitation is #1.7 inches,

ENVIRONMENTAL CHARACTERISTICS

Water quality in 1977 near the mouth of the Miles River showed an increase of all
nitrogen compounds over the 1975 levels, but no change in other compounds. Dissolved
oxygen generally decreased from the mouth of the river upstream, but did not fall below
the state water quality standards. However, there have been numerous fish kills in St.
Michaels Harbor due to failing septic tanks, boat and marina wastes and urban and
agricultural runoff. A recently constructed waste water treatment plant is expected to
relieve septic system problems.

The most significant wildlife habitats in the County are in the areas adjacent to the more

than 600 miles of shoreline. The shallow areas of the River and Bay serve as spawning
grounds for many species of fish and provide nourishment for young animal forms.
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Principal finfish species found in the waters around St. Michaels are striped bass, spot,

weak fish, white and yellow perch. In the past, St. Michaels was known to have some of
the largest blue crabs in the Chesapeake Bay area. Two oyster bars lie just outside the
entrance to St. Michaels Harbor.

Waterfowl in the area consist of puddie ducks, Canada geese, and whistling swans.
Osprey are also known to utilize the area with mouming doves and woodcock among the
migratory game birds in the area.

SOCIO-ECONOMIC CHARACTERISTICS

The 1970 census indicated that the population of St. Michaels decreased by 0.9 percent,
from 1,484 to 1,470 over the 1960-1970 period. The median age of the population of St.
Michaels in 1970 was 35.8 years which was significantly higher than the State figure of
27.1 years.

The occupational distribution of St. Michaels indicates that the majority of those 16
years of age or older are employed as craftsmen or in the services sector. The majority
of industrial employment in St. Michaels is in the manufacturing and wholesale and retail
trade categories, with most of the former category concentrated in marine-related
activities. Unemployment in St. Michaels in 1970 was very low at only 2.9 percent of the
work force,

Rail, truck, bus, and air service is provided to Talbot County but none serve St. Michaels
on a regular basis. The nearest deepwater port to St. Michaels is that of Cambridge,
which is located approximately 15 miles south of Easton. Commodity movements in St.
Michaels Harbor are almost totally concerned with shell and finfish,

Land use in St. Michaels is shown in Table A-9 which indicates that most of the land in
the Planning Area is used for residential purposes. It should be noted that most of the
recent residential development in the St. Michaels area has occurred southeast of the

town in the Rio Vista area.

TABLE A-9

LAND USE IN ST. MICHAELS, MARYLAND

PERCENTAGE OF
TYPE OF LAND USE ACRES DEVELOPED AREA
Residential 222.4 44,7
Commercial 18.2 3.6
Industrial , 9.3 1.9
Public and Semi-Public 46.0 9.1
Streets, Rails, Utilities 186.7 37.2

There are 13 sites in the St. Michaels vicinity which have been identified by the Maryland
Historical Trust as being significant to the history of the town and county. The Maryland
State Archeologist lists no recorded archeological sites in the St. Michaels area (within a
one mile radius of the town) but notes that the potential for sites is rather high.
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INSTITUTIONAL CHARACTERISTICS

Water resources planning in St. Michaels may affect or be affected by various water
resources-related programs at the Federal, State and local level. Those Federal and
Maryland State agencies most likely to influence planning are listed in Table A-5. Talbot
County is governed by a five member County Council which is elected for a four year
term. St, Michaels has an elected five member board of town commissioners,

TILGHMAN ISLAND, MARYLAND

PHYSICAL CHARACTERISTICS

Tilghman Island, shown in Figure A-38, is located in Talbot County, Maryland, in the
central portion of Maryland's eastern shore. The Island is about 3.5 miles long and 1 mile
wide and is separated from the mainland by Knapps Narrows, The Island is bordered on
the west by Chesapeake Bay and on the east by the mouth of the Choptank River,
Elevations on the Island range from about zero NGVD to approximately 10 feet above
NGVD. The climatic conditions are the same as those previously described for St.
Michaels,

ENVIRONMENTAL CHARACTERISTICS

The waters adjacent to the Island are closed to shellfish harvesting because of poor
septic systems on the Island, Water samples indicate that coliform counts exceed the
Maryland standards.

Finfish in the vicinity of Tilghman Island include those species typical for Bay waters
having a salinity of 9-14 parts per thousand (ppt). The important commercial species
include striped bass, spot, weakfish and white perch. The area also serves as an
important concentration area for a great variety of waterfowl and supports the greatest
local concentration of breeding black ducks in the entire Upper Chesapeake Region.
There are several designated wetland areas on or adjacent to Tilghman Island. These
areas serve as valuable nursery areas for many species of fish and invertebrates.

SOCIO-ECONOMIC CHARACTERISTICS

The 1970 census indicated that the population of Tilghman Island was 1,180, The median
age in 1970 was 34.6 years reflecting a somewhat older population than does the State
median of 27.1 years.

The occupational distribution of Tilghman Island is also concentrated among some very
low-paying, low-skilled occupations, with approximately 40 percent of the work force
aged 16 years or older employed in the operatives category. The work force is sorely
lacking professional and technical workers. Industrial employment figures indicate that
approximately one quarter of the work force aged 16 years of age or greater are
employed in the manufacturing sector which is almost exclusively water-oriented in the
case of Tilghman Island.
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FIGURE A-8 TILGHMAN ISLAND AND VICINITY
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Transportation on Tilghman Island is rather limited due to its relative isolation in the
westernmost portion of the County, Rail service is available in Easton, some 20-25 miles
to the east. Trucking sevice is available on an "as required" basis, while bus service is
provided to the County. Cambridge is the nearest deepwater port to Tilghman Island
while air service is provided by the Easton Municipal Airport. Waterborne commerce in
Knapps Narrows is involved almost exclusively with fish products.

Land use information for Tilghman Island is not available. Field survey notes indicated
that the major use of land is for residential purposes with only scattered commercial uses
along Route 33 and in the Knapps Narrows area.

There are two historic sites in the Tilghman Island vicinity that have been identified by
the Maryland Historical Trust as of historjcal significance to the history of the town and
County. There are no known archeological sites in the vicinity of Tilghman Island though
there is a high potential for significant archeological resources in the area.

INSTITUTIONAL CHARACTERISTICS

Water resources planning in Tilghman Island may affect or be affected by various water
resources-related programs at the Federal, state, and local level. Those Federal and
Maryland State agencies most likely to influence planning are listed in Table A-5. Talbot
County is governed by a five member County Council which is elected for a four year
term.

CAPE CHARLES, VIRGINIA

PHYSICAL CHARACTERISTICS

Cape Charles is an incorporated town located on the western shore of the Delmarva
Peninsula approximately 11 miles from the entrance of Chesapeake Bay. It lies in the
southwestern portion of Northampton County, as shown in Figures A-9 and A-10. Figure
A-11 is an aerial photograph of the area. Northampton County contains approximately
140,000 acres of land and water, 95 percent of which is undeveloped beach, marsh,
forest, or farmland. The topography of the area is relatively flat, with elevations
ranging from about zero NGVD to 12 feet NGVD.

The Town of Cape Charles is the largest within the county in terms of both land area and
population. It accounted for 31.8 percent of all land and about 37 percent of all
population within Northampton's incorportated towns in 1970.

Practically all of Cape Charles existing development has taken place on the low ground
near the water's edge. To the south is Cape Charles Harbor, important for commercial
fishing vessels and other commerce, while to the north is Kings Creek, a predominantly
recreational waterway which is the home port for many charter fishing vessels.

The area has a temperate climate, with a 30-year average year-round temperature of
57.8 degrees F (14.3 C). The rainfall has averaged 42 inches per year during the period
from 1931 through 1970, with the heaviest rainfall occurring between June and
September,
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FIGURE A-11 AERIAL PHOTOGRAPH OF CAPE CHARLES, VIRGINIA
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In some years, the Eastern Shore does not receive any snow and rarely does the snowfall
exceed eight inches. Severe weather occurs occasionally in the form of tropical storms
during the months of July through September. Some of these storms have deposited
rainfall in excess of 15 inches, and wind velocities have been known to exceed 125 miles
per hour. Tornadoes are rare.

Because of the low elevations, freshwater streams such as Kings Creek are typically
narrow and small and only a few miles in length from the headwaters to their discharges
into the tidal estuaries. Therefore, freshwater flow is minimal. Typically in such
streams, the 7-day, 10-year low flow is zero.

Water for the town is supplied by a municipally owned system consisting of two well
fields. A local sewage sytem services 670 residential and 70 commercial subscribers and
includes a facility for providing secondary treatment. This plant has recently been
unable to operate however, because of surcharges in the network of collector lines during
storms and abnormally high tides. Meanwhile 0,125 MGD of raw sewage is discharged
into Cape Charles Harbor, Electric power to'the town is supplied by the Delmarva Power
and Light Company of Virginia. The 1,200 kilowatt internal combustion plant is self- -
contained and no cooling water is required.

Cape Charles connects with the "Ocean Highway," U.S. Route 13, by a first class, three-
lane concrete road 2.4 miles long. Immediately to the south, U.S. Route 13 connects
with the cities of Hampton Roads via a major bridge-tunnel across Chesapeake Bay.

There is a wooden, treated bulkhead that extends 2,400 feet along the Cape Charles
shoreline. This bulkhead was designed to protect from high water an adjacent waterfront
walkway, the four-lane state highway, and residences that front the highway on the land
side. Nine 80-foot long wooden groins are situated along the wall. In addition six large
concrete pipe storm sewers from the town outfall on the beach area. Photographs of the
bulkhead are shown in Figure A-12.

ENVIRONMENTAL CHARACTERISTICS

In the vicinity of Cape Charles are several major salt marsh habitats. These include the
marshes associated with Kings Creek and Cherrystone Inlet directly north of Cape
Charles and Old Plantation Creek located to the south. The waters in these adjacent
inlets and nearshore are highly productive, containing a variety of living natural
resources of commercial and recreational importance. The surrounding land includes
agricultural fields, natural woodlands, a golf course, and a limited amount of residential,
municipal, and industrial development beyond the immediate vicinity of Cape Charles.

Cape Charles Harbor has bulkheaded shorelines, with numerous docking and pier facilities
for a variety of commercial and recreational boats. Public ramps and large parking
facilities are also present. Directly south of the harbor entrance the upper shore has
been cleared, with buildings and a variety of debris, concrete slabs, etc., scattered along
the shoreline. Evidence of dredged material is also found along this shore. An
embankment with elevations up to 6 feet is present, but it gradually decreases in
elevation southward, with shoreline erosion common. Approximately midway between
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the Cape Charles Harbor entrance and Old Plantation Creek the tree line comes to the
edge of the embankment, and at low tide evidence of previous tree development (e.g.,
roots) is visible on the exposed sandy beach. Progressing into the Bay from this shoreline
there exists a series of sand bars, parallel to the beach, separated by shallow
depressions. Within this offshore area, mainly at low tide depth from 3 to 9 feet, are
scattered sea grass beds. The most abundant form in this area is widgeon grass (Ruppia
maritima), with eel grass (Zostera marina) common, but found scattered in lower
concentrations. These species are commonly found in both sandy and sand mud bottoms
along the shoreline. Marshall (1979) estimated that there were approximately 69.9 acres
of sea grass beds in this area in 1977. Most of these beds contain a variety of other
fauna, including many common invertebrates and young fish from the area.

The entrance to Old Plantation Creek is bordered by tidal flats along both sides of the
main channel, Salt marsh "islands," composed mainly of Spartina alterniflora, are found
within the entrance, with an extensive development of this salt marsh cordgrass along
the shoreline and within the numerous tributaries of Old Plantation Creek. The
estimated acreage of wetlands in Old Plantation Creek and its tributaries has been given
by Moore (1977) as 133.8 acres, with 123 acres composed of Spartina alterniflora.
Located 0.9 miles south of Old Plantation is Elliotts Creek, which contains the last
significant marsh south along this shore until Fisherman's Island. This creek contains an
estimated 85.5 acres of salt marsh.

North of Cape Charles Harbor, a bulkhead (elevation 8.0 feet) extends for 2,400 feet to
offer protection from wave action and moderate-size floods. Offshore several large eel
grass beds have been reported and these extend into Kings Creek, Cherrystone Inlet, and
offshore waters directly north of Wescoat Point. Marshall (1979) has estimated
approximately 360 acres of sea grass were in this area duirng 1977-78. Kings Creek has
28.9 acres of salt marsh stands along its shoreline, of which 23.3 acres are stands of
Spartina alterniflora. An additional 36 acres of salt marsh are located along the
shoreline north to Cherrystone Inlet, with 298.9 acres in Cherrystone Inlet (Moore,
1977). These creeks and inlets represent suitable nursery grounds for various fish, such
as spot (Leiostomus xanthurus), and menhaden (Brevoortia tyrannus), among others. In
addition, these waters represent an important crab pot fishery.

The shoreland area surrounding Cape Charles Harbor is mainly preserved by various
bulkheads, several boat ramps, and pier facilities. Mooring accommodations are for both
commercial and recreational boats. The shoreland is predominantly used for commercial
and industrial purposes. The water quality in the harbor meets water class II-B
standards, but not shelifish standards (Athearn, et al., 1974).. North of Cape Charles
Harbor, the shoreline erosion is slight, with a bulkhead along the shore. This seawall also
has nine groins to aid in shore protection.

Water quality here is considered satisfactory, but does not meet shellfish standards.
Beyond this area there are no shore protective structures, with erosion slight to
moderate. Kings Creek contains an oyster boat landing, two marinas, a boat ramp, and
several private wharves. The water quality was satisfactory in spring 1973, but
unsatisfactory during the winter months near the marinas (Athearn, et al,, 1974). The
water quality meets both water class [I-B and shellfish standards in Cherrystone Inlet.
South of Cape Charles Harbor, the shore consists mainly of past dredged material that is
fairly stable for a mile along the shore. South, however, to old Plantation Creek, the
shore is subject to erosion at a rate of approximately 3 feet per year (Athearn, et al.,
1977).
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SOCIO-ECONOMIC CHARACTERISTICS

Cape Charles was one of the first eight Virginia Shores established in 1634, The city was
incorporated in 1886 when it represented the terminal point for the Pennsylvania
Railroad. It was here that railroad and passenger cars were loaded on a ferry and
transported out of the area. The ferry was discontinued in 1951, and since that time the
population of Cape Charles has decreased to 1,512 (1980 Census). The town accounts for
10.3 percent of Northampton County's population of 14,625. It is one of only five
incorporated towns, whose population is less than one-half of the county's. Cape Charles'
economy is based on farming, fishing, some tourism, and light industry. In land area, the
town is less than one square mile as compared with 220,1 square miles for the county,

Located at Cape Charles Harbor is one of the largest private employers in Northampton
County, Bayshore Concrete Products Corporation. Employing between 100 and 299
persons in 1981, it produces concrete poles and bridge and pier components.

The Cape Charles oyster area was among the top 50 U.S. ports for poundage and value of
seaford in 1980. Shellfish was the largest portion of seafood landed. According to
National Marine Fisheries statistics, over 50 percent of Virginia's total surf clam landings
were from Northampton County. Actual tons of commodities moving through the port
are shown in Table A-10.

TABLE A-10

MAJOR COMMODITY GROUPS OF
WATERBORNE COMMERCE FOR CAPE CHARLES

(tons)

COMMODITY GROUP 1974 1976 1978 1981
Fresh fish, except shellfish 113 177 15 N/A
Shellfish, except prepared 8,634 16,024 8,296 3,529
Sand, gravel and crushed rock 112,734 71,191 65,159 119,755
Fabricated metal products 18,330 9,900 N/A N/A
Misc. non-metallic

mineral products 1,715 N/A N/A 5,661
Percent of total Cape Charles

commerce represented

by above commodity groups 100 100 N/A 32

SOURCE: U.S. Army Corps of Engineers, Waterborne Commerce of the U.S.
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The greatest amount of manufacturing or industrial employment in the county is in fish
and shellfish processing. Using OBERS estimates of 1978 total employment, 40 percent
was attributable to agricultural production and services, forestry, fisheries, and food
processing. These are primarily basic economic activities generating additional
employment in the supporting sector. According to the 1980 County Business Patterns-
Virginia (Bureau of the Census), 1,332 persons were employed in manufacturing with 63
percent of these in food and kindred products. Total manufacturing payroll for the year
was $10.3 million, with 63 percent again going to the food and kindred products sector.

Retail trade and services, a portion of which is from tourism, were the two other large
employers with 596 and 937 employees, respectively. These two sectors, together with
manufacturing, accounted for over 75 percent of the county's total 1980 payroll of $28.7
million )(excluding earnings of government and railroad employees and self-employed
persons).

As recently as May 31, 1983, Northampton County was designated a Labor Surplus Area
by the U.S. Department of Labor, indicating a high level of structural unemployment
over the preceding two years. For this period, unemployment was 20 percent above the
national average rate or 9.0 percent versus 7.5 percent. Unemployment usually reaches
its highest point during the year in January and February, reflecting the area's
dependence on farming and fisheries.

INSTITUTIONAL CHARACTERISTICS

Northampton County has a county administrator form of government and is divided into
three magisterial districts: Franktown, Eastville, and Capeville {which includes Cape
Charles). Members of the county's Board of Supervisors are chosen from these districts.
The Town of Cape Charles is governed by a mayor and a 6-member town council. The
area is also served by the Accomack-Northampton Planning District Commission No. 22,
consisting of 12 members, 5 of whom are from Northampton County (the three members
of the Board of Supervisors plus two members appointed by the board). There is also an
Eastern Shore Soil and Water Conservation District, governed by a six member board of
directors.

HAMPTON ROADS, VIRGINIA

PHYSICAL CHARACTERISTICS

The following report is confined primarily to that portion of the Hampton Roads area
encompassing the cities of Norfolk, Portsmouth, Chesapeake, and Hampton as shown in
Figure A-13. They are located 180 miles southeast of Washington, D.C. The land areas
include about 50 square miles in Norfolk, 30 square miles in Portsmouth and 55 square
miles in Hampton. Chesapeake contains 350 square miles but only a small portion of this
area is affected by storm surges in Chesapeake Bay. The same is true for Virginia
Beach. The terrain is low lying and flat with a maximum elevation of 20 feet, except for
isolated sand dunes along beach areas.

Most of the area is fully developed or growing rapidly. The cities are largely residential,
interspersed with commercial developments and industrial plants. Industrial activities
include the manufacture of fertilizer, metal, lumber, and paper products, and
shipbuilding and repair. Most of the waterfront is occupied by docks and piers which will
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accommodate vessels with a draft of up to 45 feet. The naval facilities in this
metropolitan complex are the largest in the world and the economic well-being of the
area is highly dependent upon this military establishment.

Interstate 64 and other highways and tunnels cross the waterways in the area. The
Norfolk airport serves the cities of Norfolk, Portsmouth, Chesapeake and Virginia
Beach. The Newport News airport serves Hampton. Norfolk has its own water supply
system, which also supplies Virginia Beach, consisting of both wells and surface storage.
Portsmouth has a similar system. Chesapeake was supplied by Norfolk and Portsmouth
until November 1980. In November 1980 Chesapeake discontinued the purchase of water
from Norfolk, Chesapeake now has a small system that became operational in the spring
of 1980. Also Chesapeake has drilled a well but it has not been put into service
(Hampton Roads, Virginia Water Supply Feasibility Report (interim) Stage I
Documentation, November 1982, Volume II). Hampton is supplied by water from the
Newport News system. The Hampton Roads Sanitation District serves the entire area.
Electricity to the entire area is provided by the Virginia Electric and Power Company.

The diurnal range of tide varies from about 2.5 feet at the U.S. Naval Base near the
mouth of the Elizabeth River, to 2.8 feet at the junction of the Southern and Eastern
Branches. Prolonged south winds have depressed the water in the harbor as much as 4
feet below NGVD. On the other hand, storms accompanied by strong northeasterly winds
have raised the water to a height of 8 feet above NGVD within the period of record.

ENVIRONMENTAL CHARACTERISTICS

The Hampton Roads region of Virginia represents a multiple city complex in southeastern
Virginia centered about Hampton Roads Harbor. Hampton Roads is the natural channel
and harbor formed where the James, Elizabeth, and Nansemond Rivers meet. These
rivers flow through Hampton Roads into Chesapeake Bay. This harbor is surrounded by
the largest urban population concentration in Virginia. As one of the finest harbor
complexes in the United States, the area contains two major railroad terminals,
shipbuilding and drydock installations, military bases, industrial companies, several deep
water teriminals for shipping and unloading cargo, and various other supportive
enterprises for a major harbor. Terminals are serviced by an extensive railroad and
trucking system for inland transport. The export cargo consists of a variety of products
including coal, grains, fertilizer, chemicals, fruits, and petroleum products, among
others. .

The waters of Hampton Roads Harbor are derived from a variety of sources.
Precipitation, followed by surface and/or subsurface drainage enters the harbor either
directly or through a variety of tidal creeks and small rivers that are distributed along
the shoreline. Additional flow to the area comes from the James River and its
tributaries, with tidal entry from the lower Chesapeake Bay., Located 18 miles from
Hampton Roads Harbor is the mouth of the Chesapeake Bay. The local area is estuarine,
subject to tidal influence, river flow, and the various products that enter the system
from terrestrial or other sources. The three major river systems entering this area are
the James, Nansemond, and Elizabeth Rivers, which are all in the James River Basin,
There are also other smaller tidal rivers, such as the Lafayette River in Norfolk and the
Hampton River in Hampton, and numerous creeks that enter Hampton Roads Harbor.
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The Elizabeth River drains Norfolk, Portsmouth, and portions of Chesapeake, with the
Nansemond River primarily draining the wetlands of Suffolk. The James River has its
head waters in central Virginia 450 miles from the Chesapeake Bay, with a drainage basin
that covers 10,102 square miles, or about 25 percent of the State's surface area (Water
Quality Inventory 305(b) Report, 1982).

There are distinct water quality problems in the Hampton Roads area generally stemming
from the local river waters. The major water quality problems for the Elizabeth River
have been identified in the Water Quality Inventory 305(b) Report (1982) as high nutrient
levels, bacteriological contamination, periodic oil spills, high heavy metal and
chlorinated hydrocarbon concentrations in the sediment, and occasional sewage
overflows, Another problem in this area is the frequent need for dredging and the
related stress conditions this invokes to the waters. In addition, there is heavy ship
traffic through this area which includes cargo vessels, Naval ships, and pleasure craft
that pass through these waters which are part of the Intercoastal Waterway System, The
305(b) Report states that removal of all municipal point source discharges would have an
insignificant effect on water quality.

In close proximity to the Elizabeth River, draining a portion of Norfolk, is the Lafayette
River. The 305(b) Report describes the water quality in this river as rather poor,
especially with respect to fecal coliforms. This condition is attributable to small
freshwater inflow, urban runoff, boating and marina activities as well as the influx of
wastewater from sewage treatment facilities. Tidal flushing at the mouth of the river is
relatively poor allowing nutrients to become concentrated in the waters and sediment in
this reach of the river, The Nansemond River also has water quality problems cited by
the 305(b) Report. These include high fecal coliform and low dissolved oxygen
concentrations from known point discharges and nonpoint sources.

The water quality along the southern shoreline of Hampton was considered unsatisfactory
by the Bureau of Shellfish Sanitation as of July 1975. A similar unsatisfactory rating was
given for Hampton River, and waters adjacent to Strawberry Banks (Hobbs, et al., 1975).

The lower portion of the James Estuary, including the Elizabeth River system, receives
over 100 MGD of treated domestic waste water. In addition to the numerous municipal
dischargers, this segment is heavily used by industrial dischargers. All have appropriate
permits and most have no major problems with permit compliance. The most significant
effects on water quality in this segment may result from nonpoint source pollution.
Studies indicate the effect of urbanization and the resulting stormwater runoff, if
allowed to proceed unabated, will continue to adversely impact water quality. This will
occur regardless of the imposition of more stringent requirements on point source
dischargers.

The shorelands of Chesapeake, Norfolk, and Portsmouth have elevations less than 20
feet, of which 75 percent is classified as low shore (20 feet or less of relief) and 25
percent being artificial fill (Owen, et al., 1976). The artificial fill is associated with the
various large docking facilities and the Craney Island Disposal Area which is located at
the entrance of the Elizabeth River. Owen, et al. (1976) characterized the shoreline as
being 38 percent artificially stabilized, but included in his figures a stabilized portion of
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the Norfolk beach area outside the harbor entrance along the lower Chesapeake Bay.
However, a high percentage of stabilized and/or bulkheaded shoreline frontage is found
within Hampton Roads Harbor, especially in the industrialized and downtown areas of
Norfolk and Portsmouth,

Industrialization, docking facilities, and related activities are most prevalent along the
main channel of the Elizabeth River and its branches (southern, eastern, and western)
where there is access to deepwater docking facilities. Beyond these points developed
marsh areas become more prevalent. Fringe marshes are common in areas of both
residential and industrial usage. Marsh lands become more extensive, in the shallower
areas of the river systems. These areas will also have a considerable increase in the
amount of residential usage. Owen, et al. (1976) estimated over 50 percent of the
shorelands of the Elizabeth River system are used for residentia] purposes, with 22,1
miles of unmanaged shorelands, most of which is located at the head of the.Southern
Branch.

Along the north shore of Hampton Roads is the City of Hampton with a land area of 55
square miles and an inland water area of 17.3 square miles. Hampton is bordered along
its western side by the City of Newport News and to the east by the Chesapeake Bay.
Several small creeks and the Hampton River enter Hampton Roads from the Hampton
shoreline. Thirty-five percent of Hampton's entire shoreline possesses bulkheads or
seawalls. Combinations of shore protective structures including riprap, groins, and
bulkheaded property are common along the shoreline. The Back River and Hampton
River systems also contain natural stands of well-developed salt marshes, with fringe
marshes common along property bordering Hampton Roads. Areas of severe erosion are
found along the eastern shoreline between Back River and Buckroe Beach. The erosion
rates between Grandview and Buckroe (6 feet per year) are considered severe and critical
by Hobbs, et al. (1975). This area has mainly a sand beach, containing groins, several
seawalls, and some pier facilities. The shoreline bordering Hampton Roads Harbor is
zoned residential, with a seawall extending over nearly its entire length, and having
numerous piers and groins scattered along the area. Within Hampton River there is
extensive bulkheading, numerous piers, and several marinas present.

Existing marshes within the Hampton Roads complex are predominantly composed of salt
marsh cordgrass (Spartina alterniflora), saltmeadow hay (Spartina patens), salt grass
(Distichlis spicata) and other wetlands flora to a lesser degree. Other common plants
associated with higher patches of ground will include the marsh elder (Iva frutescens) and
the groundse] tree (Baccharis halimifolia). A variety of small mammals may be found
associated with the wetlands sites. These areas will also have significant populations of
resident and migratory waterfow!l and other birds. Population densities will vary and
become more diversified where marshes are bordered by undisturbed woodland sections.
The marshes and adjacent sand (and mud) flat areas will also contain a variety of
invertebrate types, including shellfish. A variety of fish are also present, with many of
the local areas serving as spawning and/or nursery sites. Within the rivers, creeks, and in
Hampton Roads Harbor are also extensive beds of oysters and clams that are
commercially harvested, in addition to blue crabs and various finfish. These shellfish and
finfish are important to commercial and recreational fishermen.

A-52



INSTITUTIONAL CHARACTERISTICS

Each of the cities operates under a city manager form of government. Citizens elect a
council which in turn appoints the city manager. He is given the executive and
administrative powers of the government. Council retains the legislative powers.

Virginia Beach, Norfolk, Portsmouth, and Chesapeake are members of the Southeastern
Virginia Planning District Commission. Newport News and Hampton are members of the
Peninsula Planning District Commission. These commissions have been established by
the state to assist in the proper regional development of the areas involved. -

POQUOSON, VIRGINIA

PHYSICAL CHARACTERISTICS

The City of Poquoson is located on the Western Shore of Chesapeake Bay in the area
known as the Lower Peninsula of Virginia as shown in Figures A-14 and A-15. The main
entrance to the city is shown in Figure A-16. The city is bounded on the north by the
Poquoson River, a tidal inlet of Chesapeake Bay. There are numerous creeks along the
northern shoreline, with Bennett Creek being the largest and most significant harbor.
The eastern shore is bounded by a tidal marsh bordering the Chesapeake Bay. This
marsh, referred to as Plum Tree Island is about 1.1 miles wide and has ground elevations
of less than 5 feet. On the south, the city is bounded by Back River and its Northwest
Branch. The mean range of tide is 2.4 feet.

The city is typical of most coastal communities whose existence depends mainly on the
sea, in that practically all of the existing development has taken place on the low ground
near the edge of the water. Development is along the many creeks and inlets forming
the numerous peninsulas. Sixty percent of Poquoson is below elevation 5 feet including
many developed areas. This determination is based on U.5. Geological Survey Quadrangle
Sheets with five-foot contour intervals. Eighty-five percent of the city is below
elevation 7 feet which is the level of the 25-year flood, exclusive of wave action. This
determination was made from the folder issued by the Corps and entitled "Floods in the
Town of Poquoson, Va., 1971" and the maps it contains. There are no tidal protection
projects in the city.

According to the State Department of Planning and Budget (formerly, the Virginia
Department of Intergovernmental Affairs), the very nature of shore areas and their
uniqueness make them particularly vulnerable to development. The recreational
opportunities which exist for swimming, boating, fishing, and other related water sports
encourage man to alter these areas through intensive use. There are no dunes along the
Poquoson shoreline,

The following excerpts taken from the August 23, 1970 issue of The Daily Press best
describe the settlement of Pogquoson. ‘
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Poquoson, a small community strung along the the marshy fringes of the
Peninsula's northern shore, has felt the power of the sea.

For 340 years it has existed only for the water, in harmony with the ways
of the sea. The people of Poquoson have been shaped by it, taught to live
through its ravages, accept its hardships, take their living from its waters.

Historians in the area have concluded that in all probability Poquoson is the
oldest continuous English-speaking settlement in America that still goes
under the same name. The word Poquoson comes from the Indian for "low,
flat land."

Poquoson became a city in 1975. It has been one of the fastest growing cities in the
State, the population having increased from 4,278 in 1960 to 5,441 in 1970. The most
recent census showed a 1930 population of 8,726. The city is primarily residential in
character, The seafood industry has continued to decline in importance since World War
II. Most people in the area now work in the Newport News Shipyard, NASA, Langley Air
Force Base, and in the many industries located on the Lower Peninsula. Thus, the city
mainly serves as a residential base for citizens who commute to jobs in the nearby larger
cities, military bases, and Government installations.

Water for the entire city is provided by municipally treated water purchased from the
City of Newport News, According to the former Assistant City Manager, of the 3,000
homes in Poquoson, in 1980 about 1,400 were serviced by city sewerage piping tied into
the Hampton Roads Sanitation District. The remaining 1,600 were serviced by septic
tanks or privies,

The lack of railroads and an airport in Poquoson has caused the city to rely on private
and commercial motor vehicles for the movement of people and goods. Most of the
primary routes and collector streets have narrow rights-of-way and pavement width.

ENVIRONMENTAL CHARACTERISTICS

Poquoson is bordered by the Poquoson River to the north, the Plum Tree Island Wildlife
Refuge to the east, and the Northwest Branch of the Back River to the south. This area
contains numerous creeks, coves, and an extensive salt marsh region associated with the
Poquoson and Back Rivers which enter the lower Chesapeake Bay. To the west is higher
ground where natural woodlands and agricultural land is prevalent.

Poquoson's roads are like an arterial system where numerous side roads extend into
"necks" of land separated by small creeks. These creeks result in an extensive amount of
shoreline and adjacent salt marsh area.

Residential homes predominate throughout the area and in the nearshore locations. Many
of the roads that lead into the marshes will terminate at the farthest extent of the neck
in a pier facility, catering to both commercial and recreational boats. Additional private
docking facilities are common within the various creeks adjacent to residential

property. However, there is very little bulkheaded property. The most extensive amount
was found at the entrance to White House Cove and along a dead end canal at Cedar
Landing.
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Bennent Creek is the major waterway entering from the Poquoson River that leads to the
various creeks of northside Poquoson. Beginning at Poquoson Shores at Hunts Neck,
there is an extensive tidal flat with fringing marsh areas scattered along the shoreline.
Scattered sandy beaches and occasional piers may be seen. This pattern extends into
Roberts Creek where the prominent wetlands vegetation is saltmarsh cordgrass (Spartina
alterniflora), saltmeadow hay (Spartina patens), and salt grass (Distichlis spicata).
Occasional mud flats and patches of black needlerush (Juncus roemerianus) were also
present, with marsh elder (Iva frutescens) and the groundsel tree (Baccharis hamilifolia)
scattered at sites along higher ground. Approximately 16.3 acres of salt marsh border
Roberts Creek (Silberhorn, 1974). Additional marshes are located along Griffins Beach
and at Bay Point.

A similar composition of marsh vegetation is found along Lyons Creek (12.9 acres), White
House Creek (11.8 acres), Floyds Bay (5.75 acres), and Bennett Creek (52 acres). The
Marine Resources Commission publication, "Wetlands Guidelines", characterized the
saltmarsh cordgrass community found in this area as very important, with an annual
production of four to ten tons per acre. The marsh represents a significant food source
to the local ecosystemn and acts as a flood buffer and sediment trap. Where the
dominance of Spartina alterniflora diminishes, a more mixed brackish water community
is found common to this area. When this occurs, there is more diversity in vegetation,
habitats, and the fauna present,

East of Bennett Creek and the City of Poquoson is the Plum Tree Island Wildlife

Refuge. This area, which was formerly a military practice bombing range, represents the
largest salt marsh in the lower Chesapeake Bay, with an acreage of 4,103 acres
(Silberhorn, 1974). The shoreline includes mainly salt marsh vegetation, with sandy
beaches and mud flats also present. Saltmarsh cordgrass predominates in the intertidal
area with saltmeadow hay, saltgrass, and black needlerush also forming extensive stands
in the more central locations. The higher ground contains stands of salt bushes, with well
established loblolly pine and other vegetation on several ridges in the refuge. Between
Messick Point and Tin Shell Point is an extensive Spartina marsh. The southern shoreline
of Poquoson from Tin Shell Point continues as an irregularly shaped boundary consisting
of fringe and embayed marsh to Brick Kiln Creek.

Beach erosion for the shoreline extending from Tin Shell Point on the Back River, around
Plum Tree Island Wildlife Refuge, to Bennett Creek is considered moderate, but
noncritical with no structures in danger (Anderson, et al., 1975). However, a severe rate
of erosion is taking place between Hunts Point and Griffins Beach along the western side
of the entrance to Bennett Creek. Here, erosion rates are 3.6 feet per year.

Poquoson is bordered on the west by an extensive acreage of natural woodland. The city
is scattered over a large area with no central area or city complex. This condition
results in additional acreage of woodland and land in various types of agricultural use
between parts of the city. However, the city is in a phase of burgeoning growth with
numerous residential homes under construction throughout the city which infringe into
the wooded sections. The natural wildlife is abundant in both the terrestrial and
shoreline areas. Of major significance is the Plum Tree Island Wildlife Refuge. Vast in
size, this area is mainly salt marsh with stretches of well established pine growth on the
higher ridges within the refuge. Resident and migratory waterfowl are abundant within
this area, in addition to a wide assortment of mammals and other fauna.
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INSTITUTIONAL CHARACTERISTICS

Poquoson has a city manager form of government. Citizens of the city elect a council
that appoints the city manager. He is given the executive and administrative powers of
the government. City Council retains the legislative powers. Poquoson also has a local
planning commission, :

A zoning ordinance and subdivision regulations have been enacted by the city and they
are revised periodically. All new buildings and additions to existing buildings must now
be built with ground or first floor level at an elevation varying from 7.7 to 8.5 above
mean sea level,

TANGIER ISLAND, VIRGINIA
PHYSICAL CHARACTERISTICS

Tangier is an island, 3.5 miles long and 1 mile wide, located in the lower half of
Chesapeake Bay, as shown in Figures A-17 and A-18. An aerial photograph is shown in
Figure A-19 The town is part of Accomack County. Access to the island is by airplane
or by one of the vessels that runs frm Crisfield, Maryland, or Reedville, Virginia. The
771 inhabitants live on three ridges on the island known as West Ridge, Main Ridge, and
Canton Ridge. Their homes are wood frame construction or trailers. The residents
usually earn their living from the sea. This includes sport fishing and shell fishing
including an extensive crab industry. There is considerable local boat traffic and several
vessels offer cruises to Tangier.

Utilities are provided’on the island. The sewerage system consists of individual septic
tanks from each home. Problems occur during high tides in the operation of the septic
tank units and odors result. A new sewer system with a 0.1 MGD wastewater treatment
plant was scheduled to begin operation in late 1983. This should help to eliminate these
problems. The telephone system is linked to the mainland by a microwave tower,
Electricity is transmitted from Accomack County by submerged cable, Backup
generating power is provided by four Chicago Pneumatic Diesel Engines turning General
Electric generators rated at 250 kw each. The narrow roads are maintained by the
county and state, however, transportation on the island is primarily by walking. Drinking
- water is provided by wells about 900 feet deep. Heating for homes and businesses is
provided by individual home heating units.

ENVIRONMENTAL CHARACTERISTICS

Tangier Island is located in the Chesapeake Bay approximately 11 miles from the Virginia
eastern shore and 14 miles from Crisfield, Maryland. It is part of Accomack County,
Virginia. Tangier Island was discovered in 1607 by Captain John Smith, but it was not
until 1670 that a settlement was established on the island. At that time the island was
apparently larger than it is today, having a greater east-west width, with more land
extending westward at least 0.5 mile to the Bay side (Wilson, 1980). Extensive acreage
was used for agriculture and cattle grazing during the 18th and 19th centuries, in
addition to the presence of natural woodlands. During the War of 1812, the British
stationed between 12,000 and 14,000 troops on the island and used it as their base of
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operations for several years. Much of the woodlands was destroyed during this period and
the area has never recovered. Since that time, the island's land area has continued to
decrease due to erosion. Families now depend on the various marine-related activities
for a livelihood,

Tangier Island is triangularly shaped and is composed of three distinct bodies of land.
The two larger components lie along a north-south axis, approximately 2.8 miles long,
divided about mid-point by the Tangier North Channel, with the entire island 1.6 miles in
width. To the east and adjacent to Mailboat Harbor is the third portion, identified as
East Point Marsh. The approach to Tangier North Channel is from the west leading to
Mailboat Harbor. Another channel enters this area from the northeast between Tangier
Island and East Point Marsh. The section north of the Tangier North Channel (Tangier
North) is approximately 431 acres in size of which 393 acres is marsh interspaced by
several large waterways (guts) that open to the southeast and isolated areas of open
water. The dominant marsh plants include saltmarsh cordgrass (Spartina alterniflora),
black needle rush (Juncus roemerianus), and saltmeadow hay (Spartina patens). Along
higher ground in the marsh are scattered stands of the groundsel tree (Baccharis
halimifolia) and the marsh elder (Iva frutescens), along with other characteristic plants
of a saltmarsh habitat. The near shore waters along the west and northeast margins are
shallow. To the west the water depth increases to approximately 30 feet over a distance
of three-four nautical miles. Wave action along the western margin of Tangier Island
North is the cause of severe erosion to this shoreline.

East Point Marsh is a small marsh island of about 110 acres. It contains a few buildings,
a large disposal area, and approximately 67 to 80 acres of saltmarsh interspaced with
numerous standing ponds and small creeks. Along the northeastern side of this island,
severe shore erosion has been taking place. Waters that are of shallow and intermediate
depth along the island's eastern margin become deeper within a mile, with depths
increasing into Tangier Sound.

The most developed and populated portion of the Tangier Island group is that area
located south of the Tangier North Channel (Tangier South). Consisting of approximately
385 acres, Tangier South is characterized by three parallel ridges that are bordered and
separated by low land saltmarsh. The roads, various buildings, and all the houses have
been constructed on these higher elevated ridges. The island's docking facilities and
piers are located at the north end of the central (main) ridge, with an airplane landing
strip located west of and parallel to the west ridge. Between the three ridges are two
creeks that extend across the length of the island. These creeks are further divided into
various waterways into the marsh. After a rain, there is additional standing water within
the marshes between the ridges. Access across the creeks, from one ridge to another, is
made possible by several bridges. The southern end of this island is basically all
saltmarsh and tidal flats with a sand spit extending from the western margin to form Cod
Harbor.

As indicated above for the Tangier North section, the nearshore area of the Tangier
South section is bordered by shallow waters to the west, with deeper waters directly to
the east and south. There are low shorelines, consisting of marshes along the east, south,
and west margins. Along the west side, wave action has resulted in an extensive loss of
land and the erosion rate is described as critical in the Shoreline Situation Report for
Accomack County (Hobbs, et al., 1974). Citing comparisons made from 1942 and 1968
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USGS topographic quadrangles, estimates of an average rate of loss of 13 feet per year
are given for the western shore and 10 feet per year for the northeast margin of East
Point Marsh Island. Subsequent comparisons of recent aerial photographs and the 1968
quadrangle indicate the rate has increased to 27 feet per year at shoreline locations
adjacent to the southern end of the landing strip, plus the southern end of West Ridge. At
this rate, adjacent marshland will be endangered.

SOCIO-ECONOMIC CHARACTERISTICS

Today the residents of the island are still engaged principally in the seafood industry.
Seafood grounds in the vicinity of the island produce excellent catches of oysters, clams,
and crabs. During summer months, soft crabs are sold to both local and out-of-state
markets. In the winter months, the oyster industry is the dominant source of income
although a few of the residents dredge crabs during this time. Many of the small
businesses provide services related to the commercial fisheries. There is one municipal
dock, a marina with railway, and several privately owned docks and crab sheds. Reported
tonnage of shellfish landed in Tangier varied from 441 tons in 1977 to 1,491 in 1979; 771
tons were landed in 1981.

There is an air strip on the island, but people are largely dependent upon water
transportation for commodities such as fuel and groceries. Although there is commerce
with both the Maryland and Virginia shores, the island malil is received and dispatched
through Crisfield, Maryland, where many residents have relatives.

Vessels carrying dry cargo and 18,640 passengers made 2,121 trips to and from Tangier in
1981, Some of these passengers were visitors from Crisfield, Maryland, or Reedyville,
Virginia, coming for the day. An inn provides meals and rooms for overnight guests. This
tourism provides additional employment and income for the islanders,

One school on Tangier provides education for all grades through high school. The 1930
census population was 771, down from 814 in 1970, Population growth is not likely in the
future as both land area and job opportunities are limited.

INSTITUTIONAL CHARACTERISTICS

Accomack County has a county administration form of government and is divided into
five election districts. A nine-member county board of supervisors is chosen from these
districts. The area is served by the Accomack-Northampton Planning District
Commission. It consists of 12 members. There is also the Eastern Shore Soil and Water
Conservation District, governed by a six-member board of directors. Tangier functions
with a mayor and five-member council.

WEST POINT, VIRGINIA

PHYSICAL CHARACTERISTICS

West Point, an incorporated town with a 1980 population of 2,726, is located in King
William County on the west side of Chesapeake Bay. It lies at the confluence of the
Mattaponi and Pamunkey Rivers and the upper end of York River, 33 miles upstream
from Chesapeake Bay, as shown in Figures A-20, A-21 and A-22. The mean range of tide
is 2.3 feet.
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King William County is located in the north central portion of the Tidewater section of
Virginia in what is sometimes referred to as the Middle Neck. The county is rural; three-
fourths of the land is forested and practically all the remaining area is farmiand. King
William contains the only Indian reservations in Virginia-the Mattaponi and Pamunkey.

West Point is a wholesale and retail trading center for the area. It is also the nucleus of
an industrial complex which includes a large paper manufacturing plant - the Chesapeake
Corporation of Virginia. It occupies the left bank of the Pamunkey River from 14th
Street north for about 0.8 mile. The plant is now and has been the most important
employer in the area since before 1950, It employed almost 1,000 persons in 1981 and
manufactures paperboard and paper. Old Dominion Grain and Fertilizer is the next
largest industry employing 50 to 95 persons. The Virginia Logging Company, which
produces veneer wood, and the West Point Logging Company, which buys and sells logs
that are used for veneer, are the only other manufacturing activities of significance in
West Point. They employ, respectively, about 44 and 4 people.

West Point connects with Interstate 64 by Virginia Highway 33, a four-lane concrete road
8 miles long that crosses both the Mattaponi and Pamunkey Rivers. Water to the town
and to the Chesapeake Corporation is supplied by wells. The sewerage system includes
secondary treatment for both the Town of West Point and the Chesapeake Corporation.
Power is supplied by the Virginia Electric and Power Company.

ENVIRONMENTAL CHARACTERISTICS

As previously stated, West Point is located at the confluence of the Pamunkey and
Mattaponi Rivers, which unite to form the York River. Jutting into this river complex, a
large portion of the city is surrounded on three sides by water., To the north and
landward, there exists a general rural setting with woodlands, agricultural lands, a few
roads, and limited residential development. Common field crops include corn, soybeans,
wheat, and other grains. Local timberland owners develop large amounts of Loblolly and
Virginia pine, which are sold as sawtimber, piling, and pulpwood. The low land bordering
the river system contains large areas of wetlands. The shoreline around the city also
contains patches of wetlands marsh, plus stretches of bulkheaded property. Piers and
docking facilities are also scattered around the shoreline.

The effects of industrial, railway, and shipping activities are most noticeable along the
city's eastern shoreline of the Pamunkey River. North of Eltham Bridge on Virginia
Highway 33, an extensive bulkheaded docking facility has been constructed by the
Chesapeake Corporation. South of this bridge, the railway yard and complex extends to a
small pier facility. Here the marsh is well developed and represents a significant amount
of this shoreline, The southern shoreline of the city faces the York River and consists of
bulkheaded property containing residential housing. Some shoreline reinforcement by
concrete and riprap extends along the property into the Mattaponi River. Additional pier
facilities are present along this eastern shoreline with several buildings and storage tanks
located in the area. Fringe and more extensive marsh acreage is present to West Point
Creek and beyond to Lord Delaware Bridge on Virginia Highway 33. Moving farther up
the Mattaponi River, large stands of salt marsh vegetation and fringe sections occur on
both sides of the river.
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A similar situation of considerable marsh development is present along the Pamunkey and
upper York Rivers. At these sites, alternate sections of fringe marsh with broad patches
of marsh areas are common. A few pound net stakes may be seen in both the lower
Mattaponi and Pamunkey Rivers, but no extensive fishery was noted. Accretion, at a
rate of approximately 1.3 feet per year, is estimated along the eastern shoreline of West
Point. However, along the western shoreline, there is slight erosion of 0.8 feet per year
between Eltham Bridge and the southern end of the city (Hobbs, et al., 1975).

The York River in the vicinity of West Point has been classified as "Water Quality
Limiting" (Water Quality Inventory, 305b Report, 1982). In the past this segment has not
met water quality standards and 305(b)(1)}(B) criteria because of high fecal coliform
levels from undetermined sources.

INSTITUTIONAL CHARACTERISTICS

Politically, King William County is divided into five election districts and from each of
these a representative is elected to the county Board of Supervisors - the controlling
body of the county's government. West Point, the only incorporated town in the county,
is governed by a mayor and a seven-member town council. Since the town is considered a
part of the county, the ordinances and regulations of the county are effective in West
Point.

ALTERNATIVE FUTURE CONDITIONS

In order to project the future one must examine the past. The economic history of the
Bay area is not too unlike that of many other urban areas throughout the world. Early
growth and development occurred in those areas that provided transportational
advantages for both imports and exports. Growth generally spread from these urban
areas as land based transportation improved and the resources of the surrounding area
were developed. More recently, the growth of suburbia resulted in the decline of the
central cities and, interestingly, in the movement of people from the rural areas to
where employment could be obtained.

Examining recent trends the population of the Chesapeake Bay Region increased 23,2
percent during the 1960-1970 decade. This was significantly higher than the National
rate of 13.3 percent and higher than 43 of 50 states. The largest population increase in
the region occurred in the Washington D.C. and the Baltimore subregions as the
migration to the suburban counties continued. There is every indication that these past
trends will continue; however, the rate of growth is not expected to be as high.

As it relates more directly to the Chesapeake Bay Tidal Flooding Study the majority of
the communities under study are located in rural counties where the growth has been and
is likely to continue to be limited at best. In order to better formulate and evaluate
alternative plans of improvement in these communities studies were made to define
alternative future conditions. A more detailed discussion of these studies and the
resultant impacts may be found in Appendices B, E and F. The following paragraphs
provide an overview of the future conditions that would be expected both "with" and
"without" a Federal project.
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WITHOUT PROJECT CONDITIONS

Generally speaking, the most likely "without project" future conditions will be very
similar in all the communities selected for detailed study. Based on the more detailed
socio-economic studies reported in Appendices D and F it appears that growth in the
majority of these communties will be much slower than in the suburban counties
surrounding or comprising the Region's Standard Metropolitan Statistical Areas (SMSA).
It should be noted that the future growth in the flood-prone communities does not appear
to be significantly influenced by the potential for tidal flooding. Based on discussions
with local officials and the general public, there is generally widespread apathy about the
serjousness of tidal flood problems. .

This apathy is believed to be the resuit of the long period of time since a tidal flood of
major proportions occurred and also a certain degree of acceptance of tidal flooding as a
fact of life for those residents who live on the shoreline and depend on the Bay for their
livelihood.

In the absence of one or more severe tidal floods or an extensive public awareness
program it is doubtful that the aforementioned attitudes will change significantly. It is
expected that the flood-prone portions of the communities will continue to suffer
periodic "nuisance" flooding without suffering severe socio-economic impacts. The most
likely future collective flood prevention actions will be nonstructural in nature and
probably consist of flood plain zoning measures that have been adopted as a result of the
Flood Insurance Program. All the communities studied are included in the Flood
Insurance Program. To a limited extent, floodproofing measures will also be employed
where new construction is required by local ordinance to exceed a specified flood
elevation. Finally, with regard to nonstructural measures, it is expected that flood
warning and evacuation plans will be developed and/or refined by local and state
agencies. The development of these plans will be aided through the National Oceanic and
Atmospheric Administration's (NOAA) Coastal Hazards Program. Under this program a
Regional Hazard Operational Plan is tentatively scheduled to be prepared for the
Chesapeake Bay area in the late 1980's.

With regard to structural protection, bulkheading has historically been used by both
individuals and local government as a means of shoreline erosion protection. It is likely
that this measure, which does provide at least a small degree of flood protection in some
cases, will continue to be used in the future.

In summary, the "without project" conditions could perhaps best be described in most of
the communities as a continuation of the "status quo" with limited future economic
growth. Future flood protection will generally be limited to nonstructural measures that
result from either local or individual actions unless future flood occurrences are of such
a magnitude that prevailing attitudes are changed.

WITH PROJECT CONDITIONS

Detailed studies of the impacts of various flood control measures were conducted in each
of the communities. The detailed results of these studies are presented in Appendices B
and F. The following is a general discussion of the results of these studies.
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Under the with project conditions, the adverse impacts associated with varying levels of
flooding would be eliminated after the year 1990 which is the assumed construction date
of a justified project. Elimination of the flood threat should improve the psychological
well-being of those residents receiving flood protection. Further, dependent on the type
of flood protection measure considered, opportunities for additional recreational or
commercial/industrial development would be provided. Additional development as
mentioned above would be beneficial to the community from either an environmental or
socio-economic standpoint. '

It is expected that some adverse impacts would also result from the construction of some
of the flood control measures. For example, structural improvements located along the
shoreline will limit access to the water and could thus impact to varying degrees on the
ability of watermen to pursue their livelihood. From an aesthetic standpoint a levee or
floodwall constructed along the shoreline would eliminate or-restrict the view of the
adjacent waters. Nonstructural measures to include relocation and acquisition and
demolition of flood plain development would also be expected to have serious social
impacts. These social impacts could best be characterized as disruptions of community
cohesion resulting from the displacement of a considerable number of residents.

PROBLEMS AND NEEDS

The problems and needs of those communities selected for detailed study were defined
through field and office studies and through communication and coordination with
interested Federal, state and Jocal agencies and the public.

The Existing Conditions and Future Conditions reports presented the results of those
studies conducted to define the existing and projected needs of the Chesapeake Bay
area.. Generally speaking, these needs were developed on a subregional basis and not for
individual communities. As part of the Chesapeake Bay Tidal Flooding Study, more
detailed studies were conducted to define the character and extent of the tidal flood
problem only. No additional studies were made to define in detail the other water
resources needs of the communities.

Regarding the views and desires of local interests, public input was provided through
correspondence and direct communication with Corps officials during visits to the
communities and statements presented at the two sets of public meetings. This subject
is discussed in Supplement B to the Summary Report-Public Involvement. The following
paragraphs provide a description of the tidal flooding problems in each of the
communities,

CAMBRIDGE, MARYLAND

As noted earlier, Cambridge is located on the Choptank River approximately 15 miles
upstream from the mouth. With elevations ranging from zero NGVD to about 30 feet
NGVD some of the low lying areas within the community are subject to tidal flooding.
The area that would be inundated by the 100 and 500-year floods is shown in Figure A-
23, The 100 and 500-year floods are those floods that are projected to have a 1.0 and 0.2
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percent chance of occurrence in any one year. It should be noted that the August 1933
flood of record is equal to the 100-year event and that all damage and inundation
information for the 100-year flood would be representative of a recurrence of the flood
of record.

Table A-11 provides a summary of the area inundated, structures flooded and total
damages for both the 100 and 500-year events. Based on the flood damage surveys and
the assumed stage-frequency relationship shown in Appendix E - Engineering Design and
Cost Estimates the average annual flood damages for the without condition are
estimated to be approximately $18,400 (July 1979 dollars).

The desires of local interests were expressed through public meetings, meetings with
local officials and discussions with the general public during the conduct of the flood
damage surveys. Prior to the completion of the Future Conditions Report, a series of
public meetings was held in June 1976 to present the findings of the study and to solicit
any additional information from the public regarding Bay-related problems. At the
aforementioned meetings, one of which was held in Cambridge, the tidal flooding
problems of the Bay area were discussed and those communities designated as critically
flood-prone were identified. Those present at the public meetings had no comments
relative to tidal flooding in Cambridge. In the fall of 1979 prior to the flood damage
surveys a series of meetings was held with the Dorchester County Commissioners, the
Mayor of Cambridge and other local officials. The purpose of the meetings was to
discuss the Tidal Flooding Study with local officials and to solicit their views on the tidal
flooding problem, The results of these meetings are summarized as follows:

1. While local officials acknowledged that Cambridge has a tidal flood problem,
they did not believe it was serious.

2, Local officials offered no specific suggestions as to the type or location of
flood control measures to be considered; however, it appeared that
nonstructural measures would be more acceptable to local interests than
structural measures.

3. In response to several questions the relationship between the Corps study and
the flood insurance program was discussed.

4, Local officials were very cooperative providing copies of mapping, local
planning documents, and advice as to local residents to contact for additional
information.

5. Local officials requested that they be advised of study progress and also be
provided with copies of study results so that any technical findings relative to
levels of flooding could be considered in local planning decisions.

During the course of the flood damage surveys numerous conversations were held with
residents of the community. While the majority of these individuals lived in the flood
plain, they did not appear to be concerned about tidal flooding. Many of the individuals
were disturbed that they had been designated through the flood insurance program as
living in the flood plain. Most of these individuals had not previously experienced a
major flood and were skeptical as to the limit of flooding. Little information was
provided by local interests relative to the character and extent of historical flooding.
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CRISFIELD, MARYLAND

Located on the Little Annemessex River just off Tangier Sound near the widest portion

of the Bay, Crisfield is particularly vulnerable to tidal flooding. The entire community
has an elevation of 10 feet above NGVD or less and starts to incur flood damages above
elevation 2.0 feet NGVD, The area inundated by the 100 and 500-year floods is shown in
Figure A-24. A recurrence of the flood of record (August 1933) is estimated to be a 100-
year event and would flood approximately 740 structures and cause $1,800,000 in '
damages (July 1979 price levels). Additional flood damage-related information is shown
in Table A-12. The average annual flood damages for the without condition were
estimated to be approximately $142,500.

In July 1979, meetings were held with both the Mayor of Crisfield and the Somerset
County Commissioners to discuss the tidal flood study and to solicit their views on the
community's flood problems. Local officials were knowledgeable relative to the
potential for flooding in the community and expressed support for the study. The March
1962 flood was mentioned as the most recent event that had caused significant damage in
the community. Local drainage was also mentioned as a problem, particularly when local
runoff coincided with normal high tides. No specific suggestions were offered by local
interests as to the type or level of flood protection desired. Further, no comments were
made relative to tidal flooding in Crisfield at the previously mentioned public meetings.

POCOMOKE CITY, MARYLAND

Pocomoke City is located on the Pocomoke River approximately 12 miles upstream, from
the river's entrance into Pocomoke Sound. The community is subject to tidal flooding
resulting from storm surges which are translated up the Pocomoke River from Pocomoke
Sound and Chesapeake Bay. Elevations within the community range from sea level to
approximately 30 feet NGVD with the lowest areas located along the river between
Route 13 and McMichael Avenue. The area inundated by the 100 and 500-year floods is
shown in Figure A-25.

Information on historical flooding is extremely limited. If it is assumed that the 100-
year flood is representative of the August 1933 flood of record, which is generally the
case in the Maryland portion.of the Bay, then a recurrence of that event would flood
approximately 50 structures and cause §350,000 in damages. Additional flood damage
related information is shown in Table A-13, The average annual flood damages were
estimated to be approximately $23,900 (July 1979 price levels).

Based on a series of meetings held in June 1979, the Worcester County Commissioners
and local officials from Pocomoke City supported the tidal flooding study; however, little
advice was provided as to the type and/or level of flood protection desired. As in the
communities discussed previously, local interests were interested in obtaining the results
of any technical studies in order that these findings could be incorporated into local
planning decisions.
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ROCK HALL, MARYLAND

Rock Hall is located in southwestern Kent County on the eastern shore of Chesapeake
Bay. With elevations ranging from zero NGVD to approximately 25 feet NGVD a
substantial portion of the community is subject to tidal flooding. The area inundated by
the 100 and 500-year floods is shown in Figure A-26. It should be noted that the flooding
on the east side of town is the result of tides that have been translated up Grays Inn
Creek from the Choptank River.

A recurrence of the flood of record (August 1933) is estimated to be a 100-year event
and would flood approximately 350 structures and cause an estimated $1,850,000 in
damages at July 1979 price levels. Table A-14 includes additional information relative to
the flood potential in the community. The average annual flood damages for the without
condition were estimated to be approximately $73,500.

Based on a series of meetings held in March and April of 1979, the Kent County
Commissioners and local officials from Rock Hall supported the tidal flooding study.
However, no specific suggestions were offered as to flood protection measures. There
was considerable discussion relative to the Flood Insurance Programs and the status of
the Corps study to modify the existing breakwater project (subsequently modified).

SNOW HILL, MARYLAND

Snow Hill is located on the Pocomoke River approximately 25 miles upstream from the
River's entrance into Pocomoke Sound. Similar to Pocomoke City which is located
approximately 13 miles downstream, Snow Hill is subject to tida! flooding produced by
storm surges which have been translated up the Pocomoke River. Elevations within the
community range from zero NGVD to approximately 25 feet NGVD with the lowest areas
lorated along the river between Washington Street (Maryland Route 12) and Byrd Park.

The area inundated by the 100 and 500-year tidal fioods is shown in Figure A-27. Based
on a cursory inspection of the fluvial flood potential it appears that fluvial flooding
would not produce elevations approaching the elevations projected for tidal events.
Therefore, fluvial events were not considered in the engineering and economic analyses
conducted for Snow Hill.

Information on historical flooding in the community is extremely limited. Included in
Table A-15 is a summary of various flood damage-related information for both the 100
and 500-year events. The average annual flood damages for the community were
estimated to be approximately $11,400, in July 1979 dollars.

As noted earlier in the discussion of Pocomoke City, local officials were advised of the
Tidal Flooding Study in June 1979. While supportive of the study, local officials did not
appear to be overly concerned regarding the potential for flooding and provided no
specific guidance as to the type or leve!l of flood protection desired.
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Flooded Area Map
Snow Hill, Maryland

100 year flood (6' MSL)
500 year flood (8' MSL) see—ememm—

R Scale: 1"=1145"
FIGURE A-27 SNOW HILL TIDAL FLOOD AREA
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ST. MICHAELS, MARYLAND

St. Michaels is located on the Miles River in the eastern part of Talbot County, With
elevations ranging from zero NGVD to 15 feet NGVD the community is subject to tidal
flooding. As shown in Figure A-28, which includes a delineation of the 100 and 500-year
floods, the lowest portions of the community are adjacent to the harbor in the vicinity of
Mill and North Harbor Streets. It should be noted that the western portion of town can
receive flooding from tides that are forced up Broad Creek.

A recurrence of the flood of record (August 1933) is estimated to be a 100-year event
and would flood approximately 70 structures and cause an estimated $150,000 in damages
(July 1979 price levels). Table A-16 includes additional information relative to the flood
damage potential in the community. The average annual flood damages for the without
condition were estimated to be approximately $26,300 in July 1979 dollars.

In April 1979, meetings were held with the Talbot County Commissioners and local
officials from St. Michaels. Local officials supported the study; however, the principal
topic of discussion was the Flood Insurance Program and whether stage-frequency
information from the Corps Study would be used to update the HUD study.

TILGHMAN ISLAND, MARYLAND

As an island located off the southwestern tip of Talbot County, Tilghman is particularly
prone to tidal flooding. With a maximum elevation of only 10 feet NGVD, the entire
island is subject to flooding with the exception of the high ground along Maryland Route
33 in the vicinity of Tilghman and Avalon. The area flooded by the 100 and 500-year
floods is shown in Figure A-29.

The August 1933 flood is the flood of record and is estimated to be a 100-year event. A
recurrence of that flood would cause an estimated $650,000 (July 1979 price levels) in
damages and flood approximately 180 structures. Table A-17 provides additional data
relative to the 100 and 500-year floods. The average annual damages for the without
condition were estimated to be $34,700 in July 1979 dollars. The comments of local
officials were outlined in the previous discussion of St. Michaels,

CAPE CHARLES, VIRGINIA

ALTERNATIVE FUTURE CONDITIONS

The most significant unknown factor in Cape Charles and Northampton County's future is
what, if any, development will occur on a 980-acre parce!l of land belonging to Brown and
Root Company which was rezoned from agricultural to industrial use to enable the
company to provide support to oifshore oil development. This activity has not
materialized. Whatever use is ultimately made of this land may significantly affect the
County because of the probable size of any new activity relative to existing industries
and infrastructure.
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Flooded Area Map
St. Michaels, Maryland

100 year flood (7' MSL) =~ —e —
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Scale: 1"=750"

FIGURE 28 ST. MICHAELS TIDAL FLOOD AREA
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FIGURE A-29 TILGHMAN ISLAND TIDAL FLOOD AREA
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In the absence of some major stimuli, population and employment will probably follow
established trends. Agriculture, food processing, and possibly fisheries employment will
decline as these industries continue to replace labor with capital. In the case of
fisheries, such as surf clams, regulatory programs designed to maintain maximum
sustainable yields over the long run also tend to limit or reduce employment. In short,
none of the trends appear to foreshadow a reversal of prior declines. Services and
government employment can only offset other sectors somewhat. If gasoline price
increases or a recession force a curtailment of recreational visits to the lower eastern
shore, retail sales and employment related to the travel/tourist industry may also suffer.

VIEWS AND DESIRES OF LOCAL INTERESTS

According to the Mayor in 1980, the major desire of local interests was that the existing
bulkhead which faces Chesapeake Bay be improved, outlet drainage lines repaired, and
the overall condition of the structure and sand base be upgraded so that this project can
still act as a positive deterrent to tidal flood stages and wave action, both with
accompanying erosion, that develops in Chesapeake Bay opposite the town. Many of
these concerns have been addressed by the recent improvements to the bulkhead
undertaken by the Soil Conservation Service (SCS). Now that the SCS has completed its
improvements to the bulkhead, the major desire of local interests is that the town's
extensive network of storm and sewage lines be similarly rehabilitated,

RESOURCE MANAGEMENT PROBLEMS

Cape Charles lies on the Atlantic Coastal Plain and its topography consists of flat slopes
and low elevations, as shown in Figure A-10. Most of the ground is below elevation &
feet (100-year flood) and much of the remaining area is below elevation 12 feet (standard
project flood). Despite the fact the adjacent land is higher and more suitable for
development, the town is typical of most coastal communities whose dependence is on
the sea. As a result, practically all of the existing development has taken place on the
low ground near the water's edge. Figure A~10 indicates that much of the ground in Cape
Charles would be inundated by the 100-year stage stillwater level. Wave action would
raise the stage by about 4 feet.

The greatest tidal flood known in Norfolk Harbor was the result of a hurricane in August
1933, The maximum storm surge occurred about three hours before but persisted through
the peak of the astronomical tide. The water level reached a maximum elevation of 7.0
feet in the Town of Cape Charles. The tidal surge created by the northeaster of May
1962 reached an elevation of 7.2 feet.

Historical accounts of both severe hurricanes and northeasters in the Norfolk-Hampton
area date back several hundred years. Table A-18 lists the 10 highest tides recorded at
Hampton Roads with corresponding elevations, where available, at other locations in the
general vicinity of Cape Charles.

A-90



TABLE A-18

TIDAL FLOOD ELEVATIONS - HAMPTON ROADS

MAXIMUM ELEVATION, FEET, MSL

HAMPTON  NORFOL CAPE
ROADS HARBOR®  CHARLES KIPTOPEKE
FROM FROM FROM FROM
DATE OF FLOOD 1927-date  1908-date  1947-1952  195l-date
(3) .

August 23, 1933 7.5 3.0 3.05 7.04 -
March 7, 1962 6.7 7.4 7.06 7.2 6.4
September 18, 1936 6.2 7.5 7.55 6.4" -
April 11, 1956 5.8 6.5 634 - -
September 16, 1933 5.6 63 6.3 - -
September 12, 1960 5.5 63  6.09 - 4.1
September 27, 1956 5.4 5.9 5.74 - 4.2
October 6, 1957 5.1 58  5.53 - 5.0
October 5, 1943 4.9 54 5.35 4.5 -
September 18, 1923 4.8 58  5.85 - -

1

2
3

Ten highest tides at Hampton Roads are listed (Sewells Point gage).

U.S. Naval Shipyard, Portsmouth, YA.

Maximum elevation feet, National Geodetic Vertical Datum, taking into account
sea level and leveling accomplished by United States Geologic Survey.

“Estimated from high water data.

In 1935, the town constructed 2,400 feet of wood bulkhead along the Chesapeake Bay
shorefront with Work Projects Administration (WPA) help (Figure A-12). This bulkhead,
with top elevation of about 8.0, provides some protection and is effective in reducing
damage from wave attack and shore erosion. During large and unusually severe storms,
flooding may occur on the land side of the bulkhead as a result of waves overtopping the
wall in combination with backup through several storm sewers which penetrate the wall.
The north and south sides of the town are unprotected with the ground generally one foot
or more below elevation eight. Damaging floods in September 1936, September 1960, and
March 1962 occurred as a result of this overtopping and backup. Figures A-30 and A-31
show flood scenes in the town. The prolonged storm of March 1962 caused extensive
damage to the bulkhead and severely eroded the sand beach fronting the wall, Following
this storm, emergency restoration work was accomplished by the Corps of Engineers
under the provision of Public Law 8735, Eighty-first Congress. Figure A-32 shows views
of the bulkhead, promenade, and beach areas as they looked immediately after the March
1962 storm and also as they appeared after restoration was completed, The U.S. Soil
Conservation Service has recently completed its own improvements to the bulkhead.

The storm tides have penetrated several blocks into the developed sections of the town
on a number of occasions. However, the damage has been light, primarily because most
of the buildings on the flood plain have their first floors located 1 to 2 feet above ground
level.
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FIGURE A-30 CAPE CHARLES FLOOD SCENES, SEPTEMBER 1936 HURRICANE
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FIGURE
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A-31 CAPE CHARLES FLOOD SCENE, SEPTEMBER 1960 HURRICANE
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FIGURE A-32 BEACH, BULKHEAD, AND PROMENADE AT CAPE CHARLES
FOLLOWING MARCH 1962 STORM
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While buildings have generally been constructed to the level of the 100-year tidal flood
stage, portions of the town including some existing streets, homes, and other
improvements are dependent to a degree on the permanence of the bulkhead to provide a
measure of protection against a moderate storm surge plus wave action and runup,
Furthermore the road on the land side of the bulkhead is dependent on its existence in
order to avoid erosion.

HAMPTON ROADS, VIRGINIA

ALTERNATIVE FUTURE CONDITIONS

The study area and its economy is heavily dependent on the Government and wholesale
and retail trade as shown in Table A-19. A further discussion of employment in the study
area is presented in Appendix D - Social and Cultural Resources.

TABLE A-19

OBERS COUNTY LEVEL EMPLOYMENT
BY SECTOR FOR THE FIVE-CITY

AREA (1978)

SECTOR PERCENT
Total Government (incl. military) 40.6
Wholesale and Retail Trade* 18.4
Services 18.0
Total Manufacturing 6.3
Contract Construction 5.9
Percent of Total Employment 89.2

*Does not include wholesale trade for Chesapeake and Portsmouth.

The ports of Hampton Roads and the services and activities associated with them have a
profound influence on the area's economy. Hampton Roads is the leader in export
tonnage and second only to the port of New York in export-import tonnage in the United
States. The value of these exports increased from $1.8 billion in 1970 to $8.85 billion in
1981,

According to a 1980 study by Drs. Jonathan Silberman and Gilbert Yochun of Old
Dominion University, there were 134,693 jobs in 1979 within the Commonwealth of
Virginia related to the movement of waterborne commerce through the ports of Hampton
Roads. Employees who had port-related jobs earned salaries equal to roughly 10 percent
of salaries and wages paid in the State of Virginia. Within Hampton Roads, 50,000 jobs,
$1 billion of payroll, and $120 million in state and local taxes are attributable to port
activity. Roughly 26,000 people are employed in the shipbuilding and repair industry
alone, which receives a large percentage of its work from Navy contracts.
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Historical unemployment rates in the study area have remained below U.S. levels. In
1982, the rate was 6.6 percent for the Norfolk-Virginia Beach-Portsmouth SMSA and 7.2
percent for the Newport News-Hampton SMSA.

The greatest increases in population are anticipated for Chesapeake and Virginia Beach.
Based on census data for 1970 and 1980, Chesapeake grew by 27.8 percent and Virginia
Beach grew by 52.3 percent. By comparison, Hampton grew by only 1.5 percent while
Norfolk and Portsmouth both lost residents. The Virginia Department of Planning and
Budget expects the study area to grow by 44.7 percent from 1980-2030 while Chesapeake
and Virginia Beach are expected to grow 81.3 percent and 122.7 percent, respectively,
during the same period.

Employment within the study area is related to the major economic activities of the two
SMSA's. These will continue to be port, military/Federal government, and manufacturing
operations. Also the services industry is expected to experience the most amount of
growth in the period 1930 to 2030.

VIEWS AND DESIRES OF LOCAL INTERESTS

Norfolk has evidenced at public hearings great interest in resoiving the flood and erosion
problem along its entire shoreline fronting on Chesapeake Bay. It has stated that it
would cooperate in a project that would reduce tidal flood damages and stem erosion. In
addition, there is a general desire to increase the recreational potential within this area
with specific emphasis on those conditions that affect beach erosion. Furthermore,
Norfolk contributed to the cost of the Federally constructed floodwall for the reduction
of tidal flood damages in the downtown area. Portsmouth, on its own, constructed a
floodwall to protect its downtown business area from flooding.

Newport News and Chesapeake requested that the District Engineer study the tidal flood
problem on streams in their cities. Newport News cooperated with the Corps of
Engineers in a project involving the diversion of a stream to the tidal portion of the
James River thereby reducing the fluvial flood problem along the stream. Both Newport
News and Hampton cooperated in a shore protection project in their respective cities.
All cities in the Hampton Roads area are cooperating in the Federal flood insurance
program,

RESOURCE MANAGEMENT PROBLEMS

Norfolk

The City of Norfolk is located on the south shore of Hampton Roads and Chesapeake
Bay. The city is bounded by water on three sides and is penetrated by smaller estuaries
making interior areas vulnerable to tidal flooding.

Family dwellings are the largest single land use in the city and they occupy over one-
third of the available land. The next largest use of land is by the Federal government
with its military bases and other government functions.

Records of tide heights in the area have been maintained at the U.S. Naval Shipyard in
Portsmouth since 1908, Other records at Sewells Point and Fort Norfolk in Norfolk,

A-96



Virginia, have been maintained for a lesser period. Historical accounts of floods prior to
1908 provide reasonably accurate knowledge of the flood situation for the past 200 years
or more. Table A-20 lists the 10 highest tides recorded at Sewells Point and Norfolk
Harbor.

" TABLE A-20
HIGHEST TIDES AT NORFOLK HARBOR AND SEWELLS POINT
(in feet)
NORFOL SEWELLS
HARBOR POINT
1908 - 1970% 1927 - 1970
DATE msl NGVD msl
August 23, 1933 8.0 8.05 7.5
March 7, 1962 7.4 7.06 6.7
September 18, 1936 7.5 7.55 6.2
April 11, 1956 6.5 6.34 5.8
September 16, 1933 6.3 6.35 5.6
September 12, 1960 6.3 6.09 5.5
September 27, 1956 5.9 5.74 5.4
October 6, 1957 5.8 5.53 5.1
October 5, 1948 bR 5.35 4.9
September 18, 1928 5.8 - 5,85 4,8

lTen highest tides recorded at Sewells Point are listed.
2,5, Naval Shipyard, Portsmouth, Va.

3Maximum elevation feet, National Geodetic Vertical Datum, taking into account sea
level and leveling accomplished by United States Geologic Survey.

Figure A-33 shows the tide hydrographs of flooding in Norfolk Harbor and Hampton
Roads which occurred as a result of the 1933 hurricane and the March 1962 northeaster.
These hydrographs are typical of the duration of flooding and the rate of rise of water
levels for each of these types of occurrences. They indicate for example that the 1933
hurricane exceeded elevation 5 feet for 9 hours, whereas the 1962 northeaster exceeded
elevation 5 intermittently for almost two days.

Approximately 75 percent of the land in Norfolk is below elevation 13 (the Standard
Project Flood) and 20 percent is below elevation 9. Generally, the terrain slopes fairly
uniformly from the higher elevations to about zero NGVD. Fluctuations in water levels
from approximately 1.4 feet below to 1.4 feet above NGVD occur twice daily as a result
of the normal astronomical tide. Minor flooding up to elevations of 4 to 5 feet is
associated with periods of moderately high sustained winds from the northeast, north,
and northwest and may be experienced several times within any one year. Flooding of
this magnitude is not serious and goes unnoticed except for the temporary difficulties
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which may be experienced by the boating interests due to rough seas. The main source of
concern is the large and infrequent floods which are associated with major storm events
such as hurricanes or severe northeast storms. Storm surges, which together with the
normal astronomical tide produce elevations of 6 feet or higher, cause widespread
flooding in the city. Figures A-34, A-35, and A-36 are typical scenes in the city during
major storm surges, A

Wave action has been responsible for most of the structural damage along the shore
front. The shoreline of Norfolk is exposed to wave attack from the north, west, and
southwest. The Federal Emergency Management Agency has published new flood
insurance rate maps which take into account the effect of wave action. Wave heights to
be expected with the 100-year flood range from elevation 13 in the Willoughby area to
elevations 9 and 10 along the Elizabeth River. This new information should be considered
in a detailed study to evaluate the impact on the economic feasibility of possible tidal
flood protection measures.

The disastrous hurricane of 23 August 1933 inundated about 600 acres in the downtown
Norfolk area. The greatest concentration of damage occurred in the Central Business
District where 52 acres, containing streets, stores, and business offices were flooded
from 1 to 4.5 feet by salt water polluted by industrial and sanitary wastes. High water
blocked practically all movement to and from the Central Business District. Other
sections of the downtown area flooded included 150 acres in the Hague area, 140 acres in
the Tidewater Drive area, and 72 acres in the waterfront area.

The exposed beach resorts of Willoughby and Ocean View felt the full fury of the storm.
Of 146 cottages in Willoughby, only 5 escaped unharmed. Some 200 people were rescued
from their homes. One person was drowned. According to the Weather Bureau report
(now the National Weather Service), the total damage, undoubtedly including wind
damage, was $2,285,000,

During the March 1962 northeaster, more than 1,000 persons were evacuated from the
area along Chesapeake Bay and a few were evacuated from other areas. The flow of
automobile traffic was impeded by the flooding of streets, including access roads to
tunnels. Table A-21 shows the damage caused by the March 1962 northeaster. Damages
totaled about $5 million including almost $2 million in the Norfolk downtown area.

There are large areas in Norfolk that have the potential for flooding by the 100-year
flood. They include:

a. Willoughby

b. Edgewater and Larchmont
c., Belvedere and Riverpoint
d. Hague

e. Tidewater Drive.

The Central Business District has been protected by a floodwall to a level one foot above
the 100-year elevation. The floodwall is shown in Figure A-37.
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FIGURE A-34 FLOOD SCENES, MARCH 1962 "NORTHEASTER" AT NORFOLK, VIRGINIA
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FIGURE A-35 FLOOD SCENE,ARCH 1562 "NORTHEASTER" AT NORFOLK, VIRGINIA
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TABLE A-21

DAMAGES FROM MARCH 1962 NORTHEASTER IN NORFOLK

LOCATION DAMAGE
Chesapeake Bay Due principally to flooding from Bay.
Willoughby ' 460 residences, 5 commercial buildings, 1

boat, and 250 automobiles were damaged.

East Ocean View Due principally to flooding from Little
: Creek. 661 residences, 1 church, 70
commercial buildings, and 200 automobiles
were damaged.

Elizabeth River

Downtown Norfolk Water entered over 100 commercial
buildings.
Hague area 2 residences, commercial and public
: buildings.
Lafayette River Extensive damage to many heating systems
Larchmont in basements and/or garages.
Colonial Place Number of houses, Lafayette Yacht Club,
streets, and basements flooded.
Above Granby St. Bridge Confined to lawns and shrubs.
Willoughby

The northern shoreline of the city, bordering on Chesapeake Bay and commonly known as
Ocean View-Willoughby, is predominantly residential-resort, with commercial and public
uses interspersed. The housing there is extremely varied, with structures of all types and
price ranges found. Along the Bay front itself, many of the houses are frame buildings on
long narrow lots (25-foot widths are common in East Ocean View). Some of the housing,
especially in East Ocean View, is dilapidated, while in the same area, small, more
substantial apartment complexes built in the late 1960's and early 1970's also exist,
There has been some housing construction in recent years, particularly as the older,
rundown structures are torn down and replaced with primarily multifamily housing of
various types. This new construction and stricter enforcement of the minimum housing
code have helped to raise property values in the past few years significantly more than in
previous years.

Because of its exposed location on the Bay, the entire area is readily susceptible to
damages arising from the occasional hurricane or northeaster. Extensive inundation can
be expected, along with a significant amount of wave action, which may result in
damages to transportation routes, losses to non-fixed or transient items-such as vehicles,
and various types of indirect business and financial losses. At present there are no
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unified structural plans addressed to reducing damages such as these, though several
private property owners have undertaken the construction of individual bulkheads of
timber, concrete, and stone.

The area must also contend with a serious beach erosion problem, which not only reduces
the amount of beachfront property available for use, but allows those waves associated
with storms to break even further onshore. Recent shoreline comparison studies indicate
that, in general, the Willoughby Spit and Western Ocean View shoreline segments are
continuing to erode at their historical rate of 2 feet per year or less, while along the East
Ocean View segment, there appears to be a more recent trend toward increased
recession, on the order of perhaps 6 to 10 feet per year. For the present, the only unified
structural protection against such erosion is a system of 37 groins constructed by the
City of Norfolk and found along Willoughby Spit and Western Ocean View.

In accordance with a Congressional resolution, a hurricane protection and beach erosion
control study of the entire Willoughby vicinity was completed by the Norfolk District
Corps of Engineers in January 1983, and is currently under review by higher authority.
That report recommended construction of a protective berm along the entire 7.3-mile
Chesapeake Bay shoreline of the City of Norfolk where an adequate berm does not
already exist.

Edgewater, Larchmont, Belvedere and Riverpoint

The Elizabeth River and Southern Branch of the Elizabeth River on the western shoreline
of Norfolk is occupied by U.S. Government installations and numerous shipping

terminals. Residential development is limited to the sub-divisions of Edgewater and
Lockhaven. The Lafayette River, a tidal estuary, penetrates eastward into the c¢ity and
includes the Larchmont area. This estuary has a shoreline of approximately #4 miles and
it is completely developed as residential sub-divisions. A‘field investigation was
conducted in Edgewater, Larchmont, Belvedere, and Riverpoint to determine the extent
of the flood problem and any evident solutions.

According to the report "Coastal Flooding in Norfolk, Virginia," published in March 1970
by the Norfolk District Corps of Engineers, there are about 600 acres in Edgewater and
Larchmont and about 200 acres in Belvedere and Riverpoint that would be flooded by the
100-year storm.

Edgewater and Larchmont are middle-class neighborhoods that sustained damage in the
1962 storm. Most of the homes are well maintained with relatively high first floor
elevations. No measures of protection were developed for this area and none would
appear to be economically justified., Belevedere and Riverpoint consist of middle- and
upper-class homes that are well maintained. They are at a relatively high first floor
elevation. There would appear to be no economically justified protective measures which
could be implemented in this area.

Hague and Tidewater Drive
Southern portions of the city border on the Eastern and Southern Branches of the
Elizabeth River as shown in Figure A-13, Development near the mouth of these two tidal

estuaries has been chiefly industrial or commercial. Further inland, along both sides of
the Eastern Branch, the land is occupied almost entirely by residential subdivisions.
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The Hague and the Tidewater Drive areas in this section of Norfolk were studied along
with the central business district in a Norfolk District report dated 1 October 1959,

They were studied to determine the possibility of developing an economically feasible
plan of protection by the construction of floodwalls as a primary means of tidal flood
control, The plans included pumping and drainage facilities necessary to prevent ponding
in the areas to be protected from local runoff. Table A-22 summarizes pertinent
economic data for protecting the following three areas to the most favorable elevation.

TABLE A-22
PROJECT AND ECONOMIC DATA FOR

LOCAL PROTECTION WORKS IN NORFOLK
" {1959 DOLLARS)

CENTRAL TIDEWATER
BUSINESS HAGUE DRIVE
ITEM DISTRICT AREA AREA
Protection provided:
Stillwater level, msl 10 10 9
Area protected, acres 85 258 180
Protective works:
Length of wall, ft. 2,750 3,950 3,300
Average height above
ground level, ft. 7 5 >
No. closures 6 4 3
Size pumping station, GPM 100,000 155,000 72,000
Cost $2,329,000 $2,508,000 $1,575,000%
Economic analysis: ' .
Annual charges $115,000 $116,000 585,000
Annual benefits $178,000 $59,000 53,000
Ratio of benefits to
charges 1.5 to 1 0.5t 1 0.04 to 1

*Includes cost of wall and pumping station only.

The above table indicates that local flood protection works were not economically
feasible for either the Hague or Tidewater Drive areas at that time. The Central
Business District was economically justified and a Federal project was authorized and
constructed.

A field investigation of the Hague and Tidewater Drive areas was made to determine if
sufficient development had taken place in these areas since 1959 to warrant further
study. In the Hague, many sections that were to be protected have been redeveloped.
The new homes appear to be at the 100-year flood elevation. Also in the vicinity of
Hague are two commercial areas, a high rise apartment building, and the Chrysler
Museumn. These areas and the restored older homes in this vicinity appear to be at lower
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elevations than the redeveloped areas. This development and renewed interest in the
Hague area warrant that it be reinvestigated as to the economic justification of
protective measures.

In the Tidewater Drive area, there are some old homes with low first floor elevations. It
also includes redeveloped homes, an apartment complex, and a shopping center. This
section also contains a portion of the business district with office buildings whose first
floor appears to be high. A detailed investigation is not warranted due to the low
economic feasibility in the 1959 report.

In Norfolk there are numerous other areas that will experience occasional flooding.
These areas lie along rivers and creeks and are scattered throughout the city. There is
no plan to eliminate this situation that would be economically feasible.

Since Norfolk is surrounded on three sides by water, continuous travel within the city
without crossing a bridge or causeway is almost impossible. Many bridges and roads
leading to them are low and are subject to inundation during large tidal floods. Thus,
during these events, there is danger of large segments of the population becoming
marooned because of the blocking of escape routes, For example, an alarm system has
been installed in the midtown tunnel connecting Portsmouth and Norfolk which alerts
appropriate tunnel commission personnel during times of abnormally high tide in the
river. Although the tunnel is protected to elevation 9.5, it is understood that it would be
closed to traffic and sealed whenever the river level reaches elevation 8 - the 1933 peak
tidal stage, exclusive of wave action.

Portsmouth

Portsmouth is located near the confluence of the Western and Southern Branches of the
Elizabeth River tidal estuary. Forming a part of the greater Hampton Roads Harbor,
Portsmouth is a major port of call for oceangoing vessels. Norfolk Naval Shipyard, one
of the largest facilities of its type, is located here. Portsmouth is part of Virginia's
largest metropolitan center.

Typical of Virginia's coastal plain, the topography of Portsmouth is flat and featureless
with land elevations seldom exceeding 15 feet above NGVD. While some developments
on the flood plain are more susceptible to flood damage than others, experiences gained
particularly in the March 1962 northeast storm and the August 1933 hurricane, have
shown that the flood problem is serious and that damage can be widespread throughout
the city, The August 1933 hurricane produced flooding to elevation 8 throughout most of
the city.

Damage during smaller floods under elevation 5 is confined to streets together with the
resulting traffic problems that are created. Also, there would be some minor flooding of
other low-lying property. However, between elevations 5 and 10, there are large
concentrations of commercial, residential, and industrial buildings. It is within this zone
that serious flood damage has been suffered during past tidal floods and where the
potential exists for even greater loss in future floods.

The amount and extent of damage caused by any tidal flood will depend upon the

topography of the area flooded, rate of rise of floodwaters, depth and duration of
flooding, exposure to wave action, and the extent to which damageable property has been
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placed on the flood plain. Large residential, commercial, and industrial sections of
Portsmouth would be inundated by the intermediate regional tidal flood (100-year flood,
stillwater elevation 8.5). Much more area would be affected by the larger Standard
Project Flood, elevation 13, While property damage during either of these events would
be substantial, sometimes the most devastating effects of floods are those which do not
involve the destruction of, or damage to, physical property. For example, no monetary
value can be placed on human suffering, and even worse, possible loss of human life that
sometimes occurs as a result of floods.

Fortunately, tidal flooding is usually characterized by a gradual increase in water levels
which under normal conditions permit orderly and timely evacuation in the face of the
encroaching floodwaters. In some cases, however, low-lying access roads connecting
islands of higher ground with the safer mainland areas are inundated in the early stages
of the flood. Unless this possibility is recognized and precautions taken accordingly,
large segments of the populace may find themselves marooned during a large flood. A
further danger lies in the possibility that higher flood levels occurring later during the
storm may trap persons in homes that are ultimately destroyed or in vehicles that are
ultimately submerged or floated. Water lines can be ruptured by deposits of debris

and the force of floodwaters, thus creating the possibility of contaminated domestic
water supplies. Damaged sanitary sewer lines and sewage treatment plants could result
in the pollution of floodwaters creating health hazards. Isolation of areas by floodwater
and by debris would create hazards in terms of medical, fire, or law enforcement
emergencies. The above problems could apply to any of the cities in the Hampton Roads
complex.

The city sustained a great deal of damage during the 1962 northeaster, primarily from
flooding in several low areas bordering on the Elizabeth River and Southern Branch.
Three hundred and twenty houses and 20 commercial and industrial businesses received
damage in various degrees from flooding to a depth of water as much as 4.5 feet. One
thousand automobiles were inundated. Federal, state, and local agencies were active
during the emergency and in removing debris after the water subsided. Emergency
operations consisted mainly in evacuating children and other personnel from the school at
Fifth and Jefferson Streets. Also, many persons including entire families, were
evacuated from their homes on First and Second Streets. A number of roads were
rendered impassable for 2 days. Telephone and electric power services were disrupted.
Along the Western Branch of Elizabeth River, much of the damage was sustained by
boats and facilities. Several homes and businesses were flooded and one industry
suffered additional loss from having to suspend operations for the duration of the storm.
Damages totaled $1.5 million. Figure A-38 shows a typical scene during the March 1962
northeaster in Portsmouth. The August 1933 storm caused extensive damage, inundating
hundreds of acres of the city including downtown commercial and industrial areas as well
as residential areas. Figure A-39 shows the area inundated by the August 1933 hurricane
in Portsmouth.

A plan which would furnish protection to the City of Portsmouth to elevation 3,
excluding the naval shipyard, was considered by the Norfolk District in 1963. It would
have required a partial ring wall approximately 24,000 feet long. A tidal lock to permit
small shipping would have been required at Scott's Creek. Such a plan would have
required 20 closures and 3 pumping stations. The cost of the plan was in excess of 315
million with annual charges of $700,000 and average annual benefits of less than
$150,000. The economic ratio of benefits to costs was 0.2. Modification of this plan was
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FIGURE A-38 FLOOD SCENES, MARCH 1962
"NORTHEASTER" AT PORTSMOUTH, VIRGINIA
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made to eliminate the Scott's Creek area and make a tie-out at Glasgow and Godwin
Streets. This modification would have increased the number of closures and made the
scheme more cumbersome to operate with less area protected.

An alternate plan was prepared to protect just the Dinwiddie Street area. The steel
sheet pile wall would have been 6,400 feet long and one storm water pumping station
would have been required. One hundred acres would be protected against a tidal storm as
high as that in August 1933. The cost would have approached $2.5 million, with the
annual charges of $123,000, and average annual benefits of $5,000, providing for a
benefit to cost ratio of 0.04. Thus protective works for the City of Portsmouth or
portions thereof were not economically justified in 1963,

Since then, the City of Portsmouth has closed streets, raised roads, and constructed a
floodwall that extends for a distance of 3,500 feet along the waterfront. A pedestrian
promenade runs parallel to a substantial portion of the top of the wall. The elevation of
the top of the floodwall and roads, as shown on a Corps of Engineers permit, varies from
8 to 8.5 NGVD. Other sections, for which permits were not required, show a top of wall
elevation of 9 feet. The floodwall in Portsmouth does provide some protection in the
downtown area. Surface drainage behind the protective works includes a number of
openings through the wall which have been provided with flap gates. These are quite
large and vary in size from 30 inches in diameter to 40 inches by 24 inches. During high
river stages, these gates presumably will close and thereby prevent surface waters from
escaping unless the interior water level rises to a height above the level of the tidal
waters in Chesapeake Bay. However, there are questions as to whether the flap gates in
the floodwall would perform as designed during a major tidal storm.

A field investigation was conducted in the area behind the shipyard and south of
Interstate 264 which lies within the 100-year flood plain. A large portion of this section
has been redeveloped with single-family homes which have been built at a fairly high
elevation. The remaining area has been cleared and is awaiting development.

During discussions with the superintendent of surveys in Portsmouth, one problem area
was discovered. It is landward of Crawford Bay where many homes have been restored.
The concrete bulkhead here is below elevation 6. The city also has a problem with sand
depositing in Crawford Bay which blocks the drainage outlets and must be dredged
periodically.

In both Crawford Bay and downtown sections of the city, consideration of a pumping
station is warranted, since water may not be able to recede rapidly from these areas
under present conditions. The renewed development and interest in these areas warrants
a study to determine the economic feasibility of protective measures.

In Portsmouth there are numerous areas that are prone to flood damage that lie mostly
along creeks or rivers. There are no measures which can be utilized to economically
protect these areas. The residents need to be advised of the dangers and they need to
receive word of an impending storm as soon as possible since some of the roads along
these homes are at low elevations.
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Chesapeake

The topography of the City of Chesapeake is typical of the flat Tidewater coastal piain
in which the city is located. Development consists generally of residences along the
northern boundary. Thus, development is a continuation of the urban growth of the cities
of Norfolk and Portsmouth. The municipal government civic center is located at Great
Bridge. This area also contains a central commercial shopping and banking area. Other
large commercial developments are located in the Churchland and South Norfolk areas.
Interstate 64 is located in the northern portion of the city. Major industrial development
exists along the Southern Branch of the Elizabeth River, The central and southern
portion of the city is not affected by the Chesapeake Bay and its estuaries.

Flooding of that portion of the city affected by the leve]l of water in Chesapeake Bay
occurs as a result of high water in the Elizabeth River and its Southern and Western
Branches. Storm surges, which together with the normal lunar tide produce a water level
of elevation 5 or higher in the northern section of the city, cause widespread flooding and
produce damage. Floods this high and higher have occurred many times in the past. Also
most major roads and bridges would have areas wherein flooding will occur during both
the intermediate regional tidal flood (100-year, elevation 8.5), and the standard project
tidal flood (elevation 13).

The substantial number of hurricanes, tropical storms, and northeasters which have been
experienced in and near the area in the past, serves as an indicator for the future. A
year seldom passes without some type of storm activity sufficiently severe to cause
flooding. Quite frequently, several storms with accompanying flooding occur within the
same year, Studies indicate that 64 storms of hurricane force have passed within a
200-mile radius of the study area during an 81-year period, between 1886 and 1966. Of
course, all of these hurricanes did not cause flooding. Many passed practically unnoticed
because of the distance between their area of maximum winds and Chesapeake. Others
coming nearer to the area caused little or no flooding because they were not on a path
favorable to producing a significant storm surge or else they passed at the time of

low or near low astronomical tide. Nevertheless, all hurricanes, because of their high
wind speeds (75 miles per hour or greater), are a potential flood threat. It is, therefore,
desirable to consider this factor in connection with any determination of future floods
which may occur at Chesapeake or any of the other cities, For instance, a slight change
in the forward speed and direction of some of the storm centers which have threatened
the area in the past could have significantly affected the flood heights and wave action
which were actually experienced.

High tides during the March 1962 storm entered into the Eastern and Southern Branches
of Elizabeth River in Chesapeake. No mass evacuation of people was required.
However, many were forced to abandon their homes and businesses to avoid the high
water, Table A-23 is an indication of the damage sustained. The total damage in
Chesapeake, as a result of tidal floodwaters flowing into Chesapeake Bay was estimated
at $439,000.

A field reconnaissance was made of localities along the Southern Branch of the Elizabeth
River that would be inundated by the 100-year tidal flood stage. The area along
Bainbridge Boulevard consists of older homes and industrial developments along the
river. The homes have a low first floor elevation as do some of the industrial

complexes. Some homes are in poor condition and vacant. The area has been divided by
the construction of Interstate 464.
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TABLE A-23

DAMAGES FROM MARCH 1962 NORTHEASTER IN CHESAPEAKE

LOCATION DAMAGE
Elizabeth River-Southern Branch 25 houses flooded 18 inches and an equal

Portlock Area number had flooding to a lesser degree.

Crestwood Entire Crestwood housing development
flooded.

Along river Shipyards, fertilizer plants, and
construction companies experienced
flooding.

Along US Hwy. 460 Small commercial shops experienced

flooding. Four motor trucks and 20
automobiles were flooded.

Great Bridge area A low earth fill dike around a trailer
camp was breached. Twelve stores and
other commercial structures in Old Shopping
Center flooded. About 75-30 homes had
water in their garages and 20 houses in
Bell's Mill area sustained damage. Ten
automobiles were inundated.

Residences have been built at Great Bridge along Woodford Drive, around Great Bridge
Boulevard, along Fernwood Farms Road, and along Shell Road between Military Highway
and Interstate 64. These areas are characterized by new homes with relatively high first
floor elevations.

Areas along Bells Mill Road, Millville Road, and Shipyard Road are characterized by
older homes which appear to be at low elevations. One exception is the section of Bells
Mill Road near the water. This section contains new homes with relatively high first
floor elevations. The roads in these areas are low and residents must be careful not to
become marooned during a major storm.

According to the civil defense coordinator in the Public Works Department, the
enforcement of the State Building Code's requirement that first floor elevations be above
the 100-year tidal flood stage has helped to mitigate damages. He stated that much of
the area within the 100-year flood plain was developed following the promulgation of this
regulation. As a result, most of the development in the tidal flood plain had first

floor elevations above the 100-year tidal flood level, Only about 25 percent of the
structures on the flood plain are below this level.

No measures to alleviate the tidal flood situation in Chesapeake were investigated in this
report.
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Hampton

This city is located on the shores of Hampton Roads and Chesapeake Bay. Much of the
land is below elevation 10 and there are developments in areas as low as elevation 5.
Generally the terrain slopes fairly uniformly from the higher elevations to sea level.
There are no protective barriers such as sand dunes or continuous seawalls between the
developed portion of the city and the surrounding water areas. Consequently, an increase
in the level of Chesapeake Bay and other bodies of water which practically encompass
the city cause flooding of land masses to the same level.

Figure A-40 shows a portion of Hampton and indicates the substantial areas that would
be flooded. More than two-~thirds of the land area of the city would be inundated by the
standard project tidal flood (elevation 13) and approximately one quarter of the land area
would be inundated by the 100-year tidal flood (elevation 8.5). It is estimated that about
20,000 people are located within the area aifected by the latter flood. The Federal
Emergency Management Agency has conducted a wave height study for Hampton. Wave
heights that can be expected with the 100-year flood on both the Chesapeake Bay and the
Hampton Roads sides would reach elevation 13. The wave heights drop back to stillwater
levels quickly as the ground rises away from the coast. These factors along with the
destructive effects of wave attack should be considered in a detailed study to evaluate
their impact on the economic feasibility on possible tidal flood protection measures.

Fluctuations in water levels from approximately 1.3 feet above to 1.3 feet below mean
sea level occur twice daily as a result of the normal astronomical tide. Minor flooding up
to elevations 3 to 4 is associated with periods of moderately high sustained winds from
the north, northeast, or east and may be experienced several times within any one year.
Flooding of this magnitude is not serious and is unnoticed except for the temporary
difficulties which may be expected by the fishing and other waterborne interests due to
rough seas. The main source of concern is the large and infrequent floods which are
associated with major storm events such as hurricanes and severe northeast storms.
Storm surges which, together with the normal lunar tide produce water levels of
elevation 5 or higher, cause widespread flooding in the city. Many times in the past, the
city has been essentially paralyzed with practically all normal functions within the area
brought to a standstill because of such flooding. An important factor to shorefront areas
is that high water is generally associated with high waves which have inflicted structural
damage to shorefront structures and eroded sand and other material from the beaches.

Some of the roads and bridges would be inundated during the 100-year tidal flood and
practically all avenues of escape from large sections of the city would be impassable
during the standard project tidal flood. Thus, the danger of becoming marooned in a low
section of the city during the progress of a large flood is real and a very important
factor.

Large areas were inundated by the 1962 storm. Over 600 families were isolated by the
floodwaters. Hundreds of persons were evacuated to some of the schools. No deaths
were reported. Considerable damage was caused to roads and drainage facilities. The
damage, excluding loss to military instaliations, totalled $4,080,000, Table A-24 isa
summary of the damage.
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TABLE A-24
DAMAGES FROM MARCH 1962 NORTHEASTER IN HAMPTON

LOCATION DAMAGE
Along Chesapeake Bay: 600 feet of concrete retaining wall,
Buckroe Beach 200 feet of timber bulkhead, and an

amusement park area and resort center
were destroyed. 350 homes and 13
business establishments were damaged,
many seriously impaired.

Grandview One-half mile of retaining wall was almost
completely destroyed. 50 homes and 2
businesses were damaged by water and

waves,
Back River: 250 residences and 6 business
Fox Hill (on Harris River) establishments were damaged.
Southwest Branch ‘ Numerous residences and businesses
(Newmarket Creek) sustained losses. '
Hampton River: 50 residences and 24 commercial
Downtown Hampton area establishments flooded.

Following the 1962 storm, the considerable erosion of the beaches at Buckroe and
Grandview were rehabilitated by the Corps of Engineers with sand obtained from borrow
areas.

Excerpts from the local newspaper, The Times Herald, for the August 1933 hurricane
indicated that the heaviest property damage occurred at Buckroe Beach where 4Q
cottages were reportedly swept away. At Fox Hill, very few residences escaped flooding,
some families having as much as 5 feet of water in their lower floors. Photographs of
the 1933 and 1962 tidal flood scenes are shown in Figures A-41 through A-43,

A reconnaissance of the areas inundated by the 100-year storm in Hampton included:
a.. the area adjacent to Hampton River,
b. the area adjacent to Harris River,
C. Buckro_e Beach, and

d. Fox' Hill and Grandview.
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Area Adjacent to Hampton River - This section includes mostly older homes and
commercial establishments. The first floor of these homes appears to be low. There has
also been some new housing built with the level of the first floor at a relatively high
elevation.

A plan for protection of the Hampton River area including the downtown section was
considered in 1964. The protective works would include 5,400 feet of earth dike and
concrete wall to elevation 12, providing protection to elevation 10. A navigation opening
at Hampton River would have a clear span of 80 feet. Sufficient storage would be
available in Hampton River up to elevation 4.5 to pond the surface runoff during times
when the navigation gates across the mouth of this stream are in a closed position.
Pumping stations would need to be built at John's Creek and one adjacent to the sanitary
sewers along Kecoughtan Road. Also some roads would be raised. The cost of such a
plan was estimated at $4.2 million, the annual charges at $183,000, and the average
annual benefits at $102,000. This provided for a benefit-cost ratio of 0.6 indicating that
such a project was not economically feasible. In view of the new development and
renewed interest in the area, it should be further investigated to determine the economic
justification of tidal flood protective measures.

Area Adjacent to Harris River - The area in the vicinity of Fort Worth Road includes new
homes. A housing development is being constructed along the river. These are
substantial homes and they appear to have a relatively high first floor elevation. This is
in keeping with the State Building Code requirement that the first floor elevation be at
or above the level of the 100-year tidal flood.

Buckroe Beach - Buckroe Beach contains an older resort section as well as one including
new housing. The older area contains housing, motels, and commercial establishments
including an amusement park: The new housing is very substantial and much of it is
multi-family. A plan for the protection of Buckroe Beach was considered in 1963, It
included the construction of 4,200 feet of seawall along Chesapeake Bay and 4,600 feet
of earth dike connecting the ends of the seawall with high ground. Protection would be
provided to elevation 10. Because of the exposed position of the area and the open
waters of Chesapeake Bay, it would be necessary for the top of the wall to be built to a
much higher level in order to properly take care of wave action, thereby blocking the
view of the Bay. The cost of such protective works was estimated to be in excess of $2
million. To be economically justified, at least $80,000 in average annual damages would
have to be sustained. Based on the development existing in the area in 1963, this did not
appear to be the case. The new development and improvement in the existing areas
warrants a study to assess their impact on the economic justification of protective
works.

Fox Hill and Grandview - These sections appear to consist of older homes and
commercial establishments. The first floor of the homes is low and susceptible to
flooding by the 100-year storm. The roads appear to be low and pose a threat to the
residents who may become marooned during a major storm.

During discussions with the City Engineer, he stated that following a major storm, he
would not object to the placement of high water markers at strategic locations. He

further stated that the State Building Code requiring first floor levels at the 100-year
flood stage was helping in easing the flood problem. He believed that enforcement of
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this code, public education relative to the tida! flood problem, and encouragement in the
purchase of Federal flood insurance appeared to be the only action the city could take in
this matter.

The Civil Defense Coordinator stated that Hampton, along with every community along
lower Chesapeake Bay, had a detailed plan to follow in the event of a hurricane or
northeaster. He stated that there was no way to keep people from living close to
Chesapeake Bay or its tributaries. He believed that the best his office could do was to
educate the people to the potential danger and to provide proper evacuation and shelter
during a major storm.

POQUOSON, VIRGINIA

ALTERNATIVE FUTURE CONDITIONS

According to the Comprehensive Plan for the City of Poquoson, adopted May 25, 1976,
the existing land use for the city, in acres, is as follows:

Residential, single family 1,830
Residential, other 32
Commercial, industrial and public 128
Subtotal 1,990
Undeveloped 7,960
Total 9,950

Residential use has grown; however, the average size of a single-family residential lot
has decreased from one acre to approximately one-third of an acre. This is due primarily
to the availability of public water and sewer.

Of the undeveloped area, 1,800 acres are wetlands. They, along with some of the larger
creeks, bring the total to 2,900 acres which have been designated for conservation.

The future land use in acres is estimated in the Comprehensive Plan as follows:

Residential 6,400
Commercial-industrial park , 400
Waterfront commercial 100
Public use 150
Wetlands and conservation areas 2,900

Total 3950

The largest category of developed land will be residential containing primarily low to
medium density housing with no more than four units per acre.
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VIEWS AND DESIRES OF LOCAL INTERESTS

According to the former Assistant City Manager, the city and its inhabitants are quite
aware of the seriousness of the tidal problem. He emphasized that Poquoson is one of
the fastest growing cities in the state. Thus, he is not aware of any land in the city or
adjacent thereto that would be available for relocating low-lying houses at a reasonable
cost. He believed that the purchase and demolition of houses would present a very
serious problem. There are strong family ties to the property, no matter what its
physical condition. Furthermore, if these residents receive relatively small amounts for
their property plus relocation expenses, it would be very difficult to find comparable
homes with this amount of money. According to city officials, many residents have
almost accepted the flooding as a fact of life. They are very reluctant to leave their
houses during flooding preferring to raise their belongings and stay. Other residents find
it necessary to come to the Middle School for protection during high tidal waters almost
every other year on an average.

The former Assistant City Manager strongly suggested in 1980 that the people in the low-
lying area be told that:

a. Their homes would be demolished,
b. Fill would be placed on the land to raise its level, and
c. A new house would then be built with possibly some subsidization by HUD.

The former Assistant City Manager stated that consideration might be given toward
construction of a building or a wall around an existing structure so that 500 to 600 people
could come to this location during a major tidal flood. It is understood that the Middle
School is now used for this purpose.

There is also concern about drainage following an unusually high tide. The existing
drainage system is inadequate. Thus when heavy rainfall occurs or tidal waters reach the
area, it takes a long time for floodwaters to run off. Local officials believe that if
drainage were faster, this would mitigate flood levels around existing homes.

RESOURCE MANAGEMENT PROBLEMS

Large sections of Poquoson have been subjected to tidal flooding in varying degrees of
intensity many times in the past. Past flooding indicated by high water marks has been
as hijgh as elevation 9, Many developed areas are at elevation 5 or below. During periods
of high tidal flooding, the shoreline is subject to wave action across the low marsh areas
and shallow inlets and creeks.

The greatest known flood in the Poquoson area occurred in August 1933, It was the
result of a hurricane which swept northward past Poquoson on a path along the axis of
Chesapeake Bay. Maximum tide heights during this flood reached elevation 9, based on
high water marks, with an average height of about 8.3, During the August 1933 storm,
the local newspaper, The Daily Press, stated that Poquoson was inundated. About 30
men, women, and children were driven from their homes at Messick Point after watching
their household goods float away. They found themselves without clothing, shelter, and
food.
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Another great flood in March 1962, the result of a northeaster, was the second largest
ever recorded at Poquoson., Although the second largest in height of stage reached, this
flood was the most severe of record in terms of monetary damage along the Virginia
coast. Hundreds of homes were flooded, some by as much as 2 to 4 feet. About 200
persons were evacuated and a number of others left on their own initiative. There was
no loss of life. By the nature of its development, damages were widely dispersed in the
area, and the flood losses amounted to $500,000. Flood scenes of this area are shown in
Figures A-44 thru A-47,

A flood that may be expected once in 100 years (although it could occur more often and
in any year) would inundate almost the entire city. In some residential areas of the city,
there would be 4 feet of water or more that would be standing in the yards and on the
roads. The danger of becoming trapped in one's home in this type of flood is very real.
This flood or one even higher would be much more destructive and dangerous if
evacuation plans are not carried out before the roads in the area become impassable,
There should also be a place for the people of the city to take refuge from the storm.
This place should be flood proofed to a high level of protection.

There is no recording gage at Poqouson. However, other recording stations indicate
flooding conditions that occur along the Virginia coastline. Table A-25 shows the
location and record for stations in Hampton Roads and comparable high water data
obtained for Poquoson.

TANGIER ISLAND, VIRGINIA

ALTERNATIVE FUTURE CONDITIONS -

Conditions on the island are not expected to change much in the future. Virtually all the
available land, other than marsh, is occupied. The primary use is residential with several
commercial or service buildings. Since the entire island is on the flood plain, any new
structures would have to be flood proofed or raised. In many cases, children who wish to
remain on the island may marry and move into trailers on the small lots owned by their
parents, With population density on Tangier greater than any other incorporated town on
the Eastern Shore of Virginia, it is believed that population growth is not likely in the
future,

VIEWS AND DESIRES OF LOCAL INTERESTS

Most of the people's concern is presently oriented toward the erosion problem that
threatens the island, The erosion has exceeded 30 feet in recent years, according to an
observer. The erosion at the south end of the air strip is acute. Where the shoreline has
not been protected by riprap, the only retarding features are the plants that grow at the
shoreline. Here the water is making serious cuts into the island. The islanders are
anxious for the Corps of Engineers and State of Virginia to initiate construction of a low
level wall along the western shore of the island primarily to deter the erosion. Plans
have been completed with State funds and it is hoped that construction funds will be
appropriated by the Congress or the State or made available by private interests.
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FIGURE A-44 FLOOD SCENE OF MARCH 1962 "NORTHEASTER" AT POQUOSON, VIRGINIA
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'FIGURE A-45 FLOOD SCENE OF MARCH 1962 "NORTHEASTER" AT POQUOSON, VIRGINIA
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FIGURE A-46 FLOOD SCENE OF MARCH 1962 "NORTHEASTER" AT POQUOSON, YIRGINIA
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FIGURE A-47 FLOOD SCENE OF MARCH 1962 "NOR THEASTER" AT POQUOSON, VIRGINIA
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RESOURCE MANAGEMENT PROBLEMS

The people of Tangier indicated that they do not mind the high tide that comes up to the
roads. The last time that they had an unusually high water level was during the March
1962 storm, see Figure A-48, Very few houses were flooded during this storm.

In 1980, a diligent search was made by the staff of the Norfolk District Office for high
water data on past tidal floods. Mayor Robert Thorne, Mr. Vernon Bradshaw, and Mr.
Harold G. Wheatley, Principal of the Tangier School and emergency coordinator, stated
that they knew of no high-water marks for past flooding. Messrs. Wheatley and Bradshaw
were old enough to remember the August 1933 storm. They indicated that large boats
floated up onto the road in the vicinity of Haynes Marine Supply Store. Fishing vessels of
that time had a minimum draft of 4 feet with about 1 foot under their keel. Based on
these data, the 1933 tidal flood would have reached a stage of about 5 feet over the road
in this vicinity. The topographic map for Tangier shows the 2-foot contour crossing the
road in the vicinity of the Haynes Marine Supply Store. Therefore, as can best be
ascertained, the 1933 tidal flood reached an elevation of about 7 feet above mean sea
level. According to the U.S. Geological Survey, the three ridges that are inhabited now
are below elevation 5 as are the salt marshes that surround the island. Thus a major
storm that would inundate the entire island (south) would threaten the safety and lives of
the entire population. Escape by boat, helicopter, or plane to the mainland would not be
practical.

WEST POINT, VIRGINIA

ALTERNATIVE FUTURE CONDITIONS

West Point is dependent on The Chesapeake Corporation, a paper manufacturing
company, and on the surrounding agricultural countryside for its existence. There are
numerous logging and forestry operators in the area. The farms in the county compare
favorably in terms of value of farm products sold with farms on a statewide basis. Its
population in 1978 was 8,600 with a projection to 12,700 in 2,020. By comparison,. West
Point had a population of 2,726 in 1930,

It is anticipated that future conditions in West Point will remain about the same as they
are at present. The same expansion in residences and possibly commercial developments
can be expected, generally to the north, as the population increases proportionately to
the increase in the county, Any future development along the waterfront will have to
consider the regulations of the Federal Insurance Administration and the Commonwealth
of Virginia for raising the first floor of structures up to the level of the 100-year flood.

VIEWS AND DESIRES OF LOCAL INTERESTS
While there are flood problems in the Town of West Point, there does not appear to be an
indication that it is of a high priority. However, according to the plant engineer for The

Chesapeake Corporation, the company is very concerned about floodwaters. Much of the
equipment has been raised up to elevation 8, and this is continuing.

A-129



FIGURE A-48 FLOOD SCENE IN TANGIER ISLAND,
MARCH 1962
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RESOURCE MANAGEMENT PROBLEMS

The town manager has stated that there was a flood problem along 1st and l4th Streets.
First Street extends along the waterfront at the southern limits of the town and it
experiences tidal flooding. The l4th Street area floods from a combination of tidal
waters and local runoff which surcharges the storm sewers. The sewers should be
enlarged. The northern limit of the town near the high school has a local drainage
problem.

As previously stated, The Chesapeake Corporation is very concerned about floodwaters.
The plant engineer furnished a list of equipment that would be flooded and their
elevations. A study of this information and an inspection of the plant indicate that there
are many pumps, motors, tanks, and other equipment at elevations ranging from 3 to 12,
the latter being the Corps estimate for the Standard Project Flood. The plant engineer
stated that elevation 5 to 5.5 is a common occurrence in hurricanes and elevation 11 to
12 would be a most unusual occurrence. Consequently, the company has adopted a policy
to have a program, whereby all plant, machinery, and equipment will be raised to
elevation 8,

Data on the heights of past major storms at West Point are lacking. The Virginia State
Water Control Board installed a gage in September 1968, but it was removed recently.

The U.S. Coast and Geodetic tide gage at Gloucester Point has been in existence since
1952, The highest tide observed was about 7.9 during the northeaster on 7 March 1962 or
6.46 above mean low water or 5.5 feet above mean sea level. According to the Coast and
Geodetic Survey, the height of flooding at West Point is somewhat higher than at
Gloucester Point. In a storm tide of the 1962 magnitude, it is difficult to determine the
exact height at West Point. The range for this storm is estimated to vary from 3.7 to 6.4
with an average of about 6 feet above mean sea level.

The plant engineer for The Chesapeake Corporation stated that, in the past 25 years,
high water resulting from hurricanes and/or northeasters has not reached above elevation
5 to 5.5, He bases this on the fact that the floor of the machine shop and storeroom is
elevation 5.1 and storms have not exceeded this level by more than a few inches in the
past 25 years. The plant engineer resided in West Point during the August 1933
hurricane. He stated that the water reached a stage of from 11 to 12 feet at The
Chesapeake Corporation plant. This is based on a depth of 5 to 6 feet of water over the
basement floor of the power plant which is at elevation 6.41. Undoubtedly, this unusual
height was due to the 1- to 2-mile width and 22-foot depth of the York River with wind
driving the waters upstream in the 33-mile fetch of river to West Point.
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APPENDIX B

PLAN FORMULATION, ASSESSMENT AND EVALUATION

INTRODUCTION

As the historical development of the Bay Region has been tied in large part to the bay
itself, considerable development has taken place along the Bay shoreline. Over the years
the developing and developed shoreline areas have been subjected to periodic tidal
flooding, The damages have been substantial. Damages sustained have included loss of
life and property, hazards to health, disruption of normal economic activities, evacuation
costs, and rehabilitation costs. The primary difficulty as it relates to tidal flooding is
the conflict between a natural process and man's existing and proposed use of the tidal
flood plain.

The Chesapeake Bay Tidal Flooding Study was authorized by Section 312 of the River and
Harbor Act of 1965, adopted on 27 October 1965. The authorization follows:

(a) The Secretary of the Army, acting through the Chief of Engineers, is authorized
and directed to make a complete investigation and study of water utilization and
control of the Chesapeake Bay Basin, including the waters of the Baltimore Harbor
and including, but not limited to, the following: navigation, fisheries, flood control,
control of noxious weeds, water pollution, water quality control, beach erosion, and
recreation. In order to carry out the purposes of this section, the Secretary, acting
through the Chief of Engineers, shall construct, operate, and maintain in the State
of Maryland a hydraulic model of the Chesapeake Bay Basin and associated technical
center. Such model and center may be utilized, subject to such terms and conditions
as the Secretary deems necessary, by any department, agency, or instrumentality of
the Federal Government or of the States of Maryland, Virginia, and Pennsylvania, in
connection with any research, investigation, or study being carried on by them of
any aspects of the Chesapeake Bay Basin. The study authorized by this section shall
be given priority.

(o) There is authorized to be appropriated not to exceed 36,000,000 to carry out this
section.

An additional appropriation for the Chesapeake Bay Study was provided in Section 3 of
the River Basin Monetary Authorization Act of 1970, adopted on 19 June 1970Q. This
section reads as follows: :

In addition to the previous authorization, the completion of the Chesapeake Bay
Basin Comprehensive Study, Maryland, Virginia and Pennsylvania, authorized by the
River and Harbor Act of 1965 is hereby authorized at an estimated cost of
$9,000,000,

In June 1972, Tropical Storm Agnes moved through the Mid-Atlantic states causing
extensive damage to the resources of Chesapeake Bay. Public Law 92-6Q7, the
Supplemental Appropriation Act of 1973, was signed on 31 October 1972, and included
$275,000 for additional studies of the storm's effect on Chesapeake Bay.



In response to this authorization three major objectives of the Chesapeake Bay Study
were identified. These objectives were to: 1) assess the existing physical, chemical,
biological, economic, and environmental conditions of Chesapeake Bay and its water
resources, 2) project the future water resources needs of Chesapeake Bay to the year
2020, and 3) formulate and recommend solutions to priority problems using the
Chesapeake Bay Hydraulic Model. The publication of the Existing Conditions Report in
1973 and the Future Conditions Report in 1977 marked the achievement of the first and
second objectives. These reports also provided the framework for investigation and
evaluation of those Bay-wide problem areas thought to be of priority to the Region.
Figure B-1 indicates the extent of the Chesapeake Bay Region.

In pursuit of the third objective of the Chesapeake Bay Study several priority concerns
were identified. Two of the most pressing problems identified included the impact of low
freshwater inflows to the Bay, and the impact of tidal flooding on those Chesapeake bay
communities subject to flooding. These two problems became the focus of the detailed
study phase of the Chesapeake Bay Study. ‘

PURPOSE OF APPENDIX

The purpose of this appendix is to present information on the formulation, assessment,
and evaluation procedures used for plans which sought to satisfy planning objectives by
providing flood protection for selected Bay communities. This appendix summarizes the
objectives, methodologies, technologies, criteria, plan components and design
considerations as well as the formulation procedures leading to community selection and
detailed problem analysis. This plan formulation, assessment, and evaluation document is
further supported by data and analytical methods more fully described in other
appendices and annexes to the Tidal Flooding Study Report. These volumes are
referenced throughout the text where appropriate and are listed in Table B-1 for
informational purposes.

STATEMENT OF PLANNING OBJECTIVES

Planning objectives were established to guide the formulation and evaluation of flood
protection plans. Simply stated, the objectives provided the yardstick against which the
alternative plans were measured. Two levels of objectives were considered important for
the Chesapeake Bay Tidal Flooding Study. National planning objectives and study
planning objectives.

NATIONAL PLANNING OBJECTIVES

Guidelines for the formulation and evaluation of plans of improvement for all Federal
water and related land resource activities were contained in the Water Resources
Council's "Principles and Standards for Planning Water and Related Land Resources,"
established pursuant to Section 103 of the Water Resources Planning Act (P.L. 33-30).
These Principles and Standards required that Federal and Federally-assisted water and
land activities be planned toward achievement of National Economic Development (NED)
and Environmental Quality (EQ) as co-equal national objectives. The components of the
NED objective included:
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TABLE B-1

CHESAPEAKE BAY TIDAL FLOODING
STUDY REPORT FORMAT

APPENDIX APPENDIX TITLE

Main Report
Problem Identification
Plan Formulation, Assessment,
and Evaluation
Recreation and Natural Resources
Social and Cultural Resources
Engineering Design and Cost Estimates

Economics

TmoO ©>» |

- The value of increased outputs of goods and services resulting from a plan.
- The value of output resulting from external economies associated with a plan.
The components of the EQ objective inciuded:

- Management, protection, enhancement, or creation of areas of natural peauty
or human enjoyment.

- Management, preservation, and/or enhancement of especially valuable or
*  outstanding archeological, historical, biological, or geological resources and
ecological systems.

- Enhancement of quality aspects of water, land, and air by control of pollution
or prevention of erosion and restoration of eroded areas.

- Avoiding irreversible commitments of resources to future needs.

The NED objective sought to achieve the maximum net benefits from a National
viewpoint while the EQ objective sought to maximize environmental benefits (and the
least amount of adverse impacts) measured primarily in non-monetary units. In
formulating alternative plans to maximize these National objectives, trade-offs
occurred. These trade-offs were considered with reference to the without condition.
When plans were to be finalized, the impacts and trade-offs of each were tabulated to
aid decision-makers in selecting a program for further consideration.

The Principles and Standards promulgated by the Water Resources Council provided the
basis for the water resources planning procedures followed during the Tidal Flooding
Study. The Tidal Flooding Study was initiated and conducted under these guidelines and
the findings and conclusions presented reflect the Principles and Standards, It should be
noted, however, that on 9 September 1982, the WRC repealed the Principles and
Standards and, in their place, established new "Principles and Guidelines."



The major change resulting from the implementation of the Principles and Guidelines is
that the co-equal national objectives of NED and EQ have been combined into one
Federal objective. The Federal objective of water and related land resources planning is
to contribute to national economic development consistent with protecting the Nation's
environment, pursuant to national environmental statutes, applicable executive orders,
and other Federal planning requirements.

STUDY PLANNING OBJECTIVES

Within the framework of National objectives, a second level of planning objectives was
developed which related to the problems, needs, concerns, and opportunities of the
specific study area. Study planning objectives are expressions of public and professional
concerns about the future use of water and related land resources. They were derived
through an analysis of the existing resource base and the expected future conditions
within the study area. The purpose in defining study planning objectives was to establish
“targets" to guide the formulation of alternative plans and to enable evaluations of the
plan effectiveness. Planning objectives sometimes conflicted with each other, reflecting
different perceptions of how the water resources should be managed in the future.

During the early phase of the planning process, the planning objectives were general in
scope and often many in number. Based on the existing and future problems, needs, and
opportunities identified during the initial iterations of the planning process, including the
preparation of the Chesapeake Bay Existing Conditions and Future Conditions reports,
the following were recommended as planning objectives for the expanded Chesapeake
Bay Study program:

- Preserve, restore, and enhance the integrity of the Chesapeake Bay ecosystem.
- Manage, preserve, and enhance areas of significant natural, historical,
cultural, and scientific interest for the inspiration, enjoyment, and education

of man.

- Assure sufficient quantities of water to meet the needs of domestic,
municipal, industrial (including power plants), and agricultural users.

- Assure water of suitable qualities for all intended or potential water resource
uses.

- Maintain, enhance, and/or increase water-based recreational opportunities.

- Maintain, enhance, and/or increase the commercial and sport fishing
opportunities and resources.

- Maintain or improve water navigation facilities which provide transportation
advantageous to the Nation's transportation system.

- Reduce tidal flooding damages.

- Reduce damages due to shoreline erosion.



- Develop power facilities where its provision can contribute to a needed
increase in power supply.

- Control the occurrence of certain aquatic plants where they interfere with
man's use of the Bay.

- Maintain or improve adequate outlets for approved on-farm drainage systems
for surface water management.

As they related more directly to the tidal flooding problem, which is the subject of this
report, the following are the specific planning objectives for the communities under
study.

- Protect life and property.
- Reduce flood damages and health hazards due to flooding.
- Minimize adverse impacts on cultural resources and the natural environment.
- Minimize adverse impacts on aesthetic values and community cohesion.
- Avoid inducing any additional flood plain damages.
SELECTION OF COMMUNITIES FOR DETAILED STUDY

Existing flood problem areas were identified by considering the degree of tidal flooding
that would be experienced by those communities located along the shoreline of the Bay
and its tributaries. The initial step in the analysis was to identify all Bay communities
with a population of 1,000 or greater that are located either in total or in part within the
Standard Project Tidal Flood (SPTF) Plain. The Standard Project Tidal Flood is defined
as the largest tidal flood that is likely to occur under the most severe combination of
meteorological and hydrological conditions that are considered reasonably characteristic
of the geographic region. The Corps of Engineers in cooperation with the U.S. Weather
Bureau (now the National Weather Service) determined that for the Chesapeake Bay
Region the SPTF would average approximately 13 feet above National Geodetic Vertical
Datum (NGVD). The above figure is a static or standing water surface elevation which
would occur in conjunction with an astronomical high tide and does not include the
effects of waves. Wave heights are dependent upon wind speed and direction, depth of
water, fetch (the distance the wind blows over the water in generating the waves) and
the length of time the wind blows. Assuming average values for water depth and fetch
and superimposing winds characteristic of a hurricane that would produce a tidal surge of
13 feet above NGVD, wave heights on the Bay could be 5 feet in height. Based on the
above combination of tidal surge and wave action the SPTF would inundate all areas up
to approximately 18 feet above NGVD. Because average conditions were used in
determining the SPTF elevation and for ease in delineating the flooded area, an elevation
of 20 feet NGVD was assumed for purposes of the analysis.

The next step in the flooding analysis was to identify those communities that should be
classified as "flood-prone." In order for a community to be designated as flood-prone, at
least 50 acres of land that were developed for intensive use had to be inundated by the



SPTF. Intensive land use was defined as residential (four dwelling units/acre or greater),
commercial (including institutional), or industrial development. The Bay Region
communities identified as flood-prone are listed in Table B-2. Approximately 82,000
acres of land were located in the Standard Project Tidal Flood Plain.

The last step in the initial screening process was to determine those communities
considered to be "critically" flood-prone. The flood problem was considered to be
"critical" if 25 acres or more of intensively developed land were inundated by the 100-
year flood. Those communities found to be “critical" based on the above criteria are
marked with an asterisk in Table B-2. It should be noted that the elevations used for the
100-year flood were approximated based on the best available historical information.

During the preparation of the Revised Plan of Study, a further screening of those critical
communities listed in Table B-2 was conducted. This screening eliminated those
communities where it was evident that flood protection would not be acceptable to the
community. This determination was based on the fact that many strictly residential
communities are located along the Bay's shoreline for aesthetic as well as recreational
reasons and a structural solution would require, in most cases, a flood wall of excessive
height. This type of structure would impact upon the use of the shoreline for recreation
and would cause visual disruption of the shoreline environment. In these communities,
the expressed concern is related to the erosion of land that takes place during tidal
storms, instead of the damages that result from temporary inundation of house and
property. Application of nonstructural solutions in these same areas, such as
floodproofing and relocation is also inappropriate. Many of the structures are old and not
suitable for major floodproofing modifications. Furthermore, these areas were
established adjacent to the shoreline to take advantage of the resource, thus making
relocation unacceptable.

Based on the above considerations, the communities recommended for detailed study in
the Revised Plan of Study were limited to those listed in Table B-3. All the
recommended communities were considered to have highly developed flood-prone areas
where the potential existed for providing some form of flood protection. The Revised
Plan of Study further recommended that the second stage of the planning process
concentrate on refinement of environmental, economic, social and hydrologic data and
the formulation and evaluation of various flood damage reduction measures.

With the approval of the Revised Plan of Study, Stage II studies were initiated for the
communities listed in Table B-3. As a result of these initial studies several additional
communities were eliminated from further consideration. Smith Island, Maryland, and
Colonial Beach and Virginia Beach, Virginia, were eliminated as detailed studies of these
communities were being conducted under specific study resolutions and any further
effort under the Chesapeake Bay Program would have been duplicative. Denton and
Salisbury, Maryland, were both eliminated when preliminary stage-damage surveys and
more detailed mapping and flood plain delineation indicated that the flood problem was
limited to only scattered development at frequencies in excess of once in 100 years.
Likewise, Fredericksburg, Virginia, was eliminated when fluvial rather than tidal flooding
was found to be the problem.




TABLE B-2

CHESAPEAKE BAY AREA
FLOOD-PRONE COMMUNITIES

STATE OF MARYLAND

Anne Arundel County Caroline County

*Arundel on the Bay Choptank

*Avalon Shores (Shady Side, Curtis Pt. *Denton

to Horseshoe Pt. and West Shady Side) Federalsburg

Broadwater

Columbia Beach Cecil County

*Deale Elkton

Eastport Northeast

Franklin Manor on the Bay and Cape Anne

Galesville Charles County

Rose Haven Cobb Island

*Baltimore City Dorchester County
*Cambridge

Baltimore County

Back River Neck Harford County

*Dundalk (Including Sparrows Pt.) Havre de Grace

*Middle River Neck

*Patapsco River Neck Kent County
*Rock Hall

Calvert County

St. Mary's County
Colton

*Piney Point

St. Clement Shores
St. George Island

Somerset County
*Crisfield
*Smith Island

Talbot Count
Easton

Oxford
*St. Michaels
*Tilghman Island

Wicomico County
Bivalve
Nanticoke
*Salisbury

Cove Point Queen Anne's Co. Worcester County
North Beach on the Bay Dominion *Pocomoke City
Solomons Island *Grasonville *Snow Hill
Stevensville

COMMONWEALTH OF VIRGINIA
Independent Cities King George County Northampton County
*Chesapeake *Dahlgren *Cape Charles
*Fredericksburg
*Hampton King William County Westmoreland County
Newport News *West Point *Colonial Beach
*Norfolk
*Portsmouth
*Virginia Beach
Accomack County *WASHINGTON, D.C. York County
Onancock *Poquoson

Saxis
*Tangier Island

*Indicates "critically" flood-prone communities.



TABLE B-3

CRITICAL COMMUNITIES RECOMMENDED FOR DETAILED STUDY

Baltimore County

(In the Revised Plan of Study)

STATE OF MARYLAND

Somerset County

Dundalk (including Sparrows Pt.) Crisfield

Baltimore City

Caroline County
Denton

Dorchester County
Cambridge

Kent County
Rock Hall

Independent Cities

Smith Island

Talbot County
St. Michaels
Tilghman Island

Wicomico County
Salisbury

Worcester County
Pocomoke City
Snow Hill

COMMONWEALTH OF VIRUINIA

King William County

Chesapeake West Point
Fredericksburg

Hampton Northampton County
Norfolk Cape Charles
Portsmouth

Westmoreland County
Colonjal Beach

Accomack County
Tangier Island

York County
Poquoson

Last and most significantly, Baltimore City and the Dundalk area of Baltimore County
were also eliminated after preliminary damage surveys and an evaluation of several
structural and nonstructural measures. These preliminary evaluations indicated that poth
structural and nonstructural measures that would provide flood protection for the most
flood-prone sections of these two areas would have benefit-cost ratios on the order of
only 0.1. These evaluations confirmed the findings of the Baltimore District's Baltimore
Metropolitan Flood Study.

As a result of this screening process, the communities selected for detailed study were
limited to those listed in Table B-4. Because of the areal expanse of the Bay Region, and
because of the jurisdictional location of these communities, the Baltimore District,
Corps of Engineers requested that the Norfolk District conduct the detailed tidal
flooding analyses in the Commonwealth of Virginia while the Baltimore District
investigated the Maryland communities. Figure B-2 indicates the general location of
these communities along the Bay Estuary.



TABLE B-4

TIDAL FLOOD-PRONE COMMUNITIES EXAMINED

Maryland Virginia
Cambridge Cape Charles
Crisfield Hampton Roads*
Pocomoke City Poquoson

Rock Hall West Point

Snow Hill Tangier Island

St. Michaels
Tilghman Island

*The Hampton Roads designation includes the cities of Chesapeake, Hampton, Norfolk,
and Portsmouth, Yirginia.

PLANS AND PROGRAMS OF OTHERS

FEDERAL FLOOD-RELATED PROGRAMS

Although several programs and plans of others can impact upon the flood plains of the
communities, there are three Federal flood-related programs which are Bay-wide in
scope and will affect not only the communities examined but also the remainder of the
communities along the Bay's shoreline, These programs include the National Flood
Insurance Program administered by the Federal Emergency Management Agency
(FEMA), the activities of the Federal Otfice of Coastal Zone Management (OCZM), and
the recently developed Coastal Hazards Program administered by the National Ocean
Survey (NOS) of the National Oceanic and Atmospheric Administration (NOAA).

NATIONAL FLOOD INSURANCE

The National Flood Insurance Program was created in 1968 to provide flood insurance for
existing flood plain development and to reduce flood losses by promoting a wiser use of
flood plain land. In December 1973, Congress passed the Flood Disaster Protection Act,
greatly expanding the available limits of flood insurance coverage and imposing
requirements on property owners and communities. In return for making both technical
flood hazard information and subsidized flood insurance available for existing structures,
a participating community must agree to regulate new development in the flood plains.
Structures which are built in accordance with the agreed-to regulations can also obtain
flood insurance because of their reduced exposure to flood losses. The regulations are
adopted by the community through a flood plain ordinance. The ordinance requires all
new or substantially improved structures in the flood plain to be protected to a flood
elevation determined by FEMA. The insurance program itself is administered by the
Federal Insurance Administration of FEMA. Prior to the creation of FEMA in 1979, the
Federal Insurance Administration was part of the Department of Housing and Urban
Development.
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COASTAL ZONE MANAGEMENT

The Office of Coastal Zone Management (OCZM), acting through separate state agencies
in both Maryland and Virginia, has been charged by the Coastal Zone Management Act of
1972 to develop plans and actions to protect and rationally use the lands and waters of
the coastal zone. As it applies to flood related hazards, each state unit has been
directed to review and integrate any Federal, state, and local plans into the overall
coastal management plan for the state. Grants have been made available for both
program planning and the actual implementation of a comprehensive management plan.
The law is administered by the Secretary of Commerce, who determines whether Federal
approval, when sought by a state, should be given to that state's plan. Responsibility for
implementing the Act is delegated to the Commerce Department's National Oceanic and
Atmospheric Administration through its Office of Coastal Zone Management.

COASTAL HAZARDS

Also within NOAA, a Coastal Hazards Program has been developed in response to
President Carter's 2 August 1979 Environmental Message to Congress. The program is
designed to coordinate various Federal grants, basic environmental data, technical
information, and local expertise so that each of the localities in the 39 identified coastal
regions can develop flood warning and evacuation plans to fit their specific problems and
requirements. Four specific tasks are performed under this program: (1) storm surge
modeling, (2) preparation of climate data packages, (3) coastal mapping, and (4) program
coordination, management and support. Overall responsibility for the Coastal Hazards
Program has been assigned to the Director, National Ocean Survey (NOS). The Coastal
Hazards Program Office was established within NOS to manage the program and to be
the central point for coordination of all NOAA coastal hazards-related programs and for
coordination with other Federal and state agencies.

LOCAL PLANS AND ACTIVITIES

All of the communities studied are impacted by each of the aforementioned Federal
programs. In addition to these specific flood-related programs, activities planned by
various other Federal, state, and local agencies can and do impact upon the flood plain
area. The following paragraphs discuss, by community, areas where activities are
underway or planned. Among the types of activities investigated were shore erosion,
navigation, water quality (water supply and wastewater disposal), solid waste disposal,
recreation, and fish and wildlife.

CAMBRIDGE, MARYLAND

Shore Erosion Control

Other then small-scale construction and repair of existing bulkheads there are no known
existing or proposed plans or studies being made by others in the interest of shore erosion
control for Cambridge.

Flood Control

Other than the previously mentioned studies underway by FEMA and NOAA, there are no
known existing or proposed plans or studies being made by others in the interest of flood
control for Cambridge.
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Navigation

There are no known existing or proposed plans being made by others in the interest of
navigation improvements except for the continuing channel maintenance dredging of the
Federal navigation project by the Corps of Engineers. A market study of the Cambridge
Creek area for further commercial and port-related development has also been
completed. Development plans include a waterfront hotel and marina facility which will
require some changes in existing channel maintenance procedures, if pursued.

Water Quality

The wastewater treatment facilities in Cambridge have been constructed higher than the
500-year flood and function under this level of flooding. Future plans call for the
addition of interceptors and force mains in previously unsewered areas (all outside of the
500-year flood plain).

The water supply system for Cambridge is operated on water obtained from ten deep
wells. Currently, the present usage is well within the capacity of the wells and any
planned expansion, although not currently programmed, will be easily accommodated.

Solid Waste Disposal

The City of Cambridge has regular trash and garbage collection which transports the
refuse to three large landfills that are operated by Dorchester County. There are no
known existing or proposed plans for expansion of these areas.

Recreation

Other than the continued use and upkeep associated with the Cambridge Harbor Yacht
Club, there are no known existing or proposed plans being made by others in the interest
of recreational development within the flood plain of Cambridge. However, the
Cambridge Creek redevelopment study may result in some water-related recreational
development.

Fish and Wildlife

There are no known existing or proposed plans by others in the interest of either insect
control or wetland development within Cambridge.

CRISFIELD, MARYLAND

Shore Erosion Control

Other than small-scale construction and repair of existing bulkheads there are no known
existing or proposed plans or studies being made by others in the interest of shore erosion
control for Crisfield.

Flood Control
Other than the previously mentioned studies underway by FEMA and NOAA, there are no

Known existing or proposed plans or studies being made by others in the interest of flood
control for Crisfield.



Navigation

A permit was issued to the Maryland Department of Natural Resources (DNR) for the
upgrading of the marina facilities at Somer's Cove. The project, now complete, consisted
of dredging the shallow portion of the cove to 10 feet, the addition of several piers and
boat-launching ramps, and the timber bulkheading of that portion of the cove associated
with the new piers. Spoil disposal areas are located in the area but will have a minimum
impact on any proposed structural flood protection plans. Regular dredging of the
existing Federal navigation project by the Corps of Engineers can also be expected to
continue. Lastly, feasibility studies concerning the development of Crisfield as a
deepwater port have been proposed on several occasions, but no firm plans have
materialized,

Water Quality

The wastewater treatment facility in Crisfield is located within the 100-year flood plain.
It can be afforded protection from flooding under the structural plans considered in this
study and thus contribute indirectly to the overall efficiency and operation of the
system. By preventing storm water infiltration and inflow, the sewage treatment plant
could function under flooding conditions and prevent the bypass of untreated sewage to
the Little Annemessex River. There are no known existing or proposed plans being made
relative to protection of the facility.

The water supply system for Crisfield is operated on water obtained from five deep

wells. Currently, the present usage is within the capacity of the wells and any planned
expansion, although not currently programmed, will be easily accommodated,

Solid Waste Disposal

The City of Crisfield has regular trash and garbage collection which transports the refuse
to landfills operated by the town outside of the study area. There are no known existing
or proposed plans for expansion of these areas.

Recreation
Other than the previously mentioned plans associated with the Somer's Cove area, there
are no known existing or proposed plans being made by others in the interest of

recreational development within the flood plain of Crisfield.

Fish and Wildlife

The vast wetlands near and within the Town of Crisfield are a recognized resource of
great natural and economic value. Erosion is taking its toll on wetlands, however, there
are no known existing plans to mitigate erosion and thereby reduce the rate of
destruction to wildlife habitat. Remedial measures have been taken to stem the erosion,
but largely along the shoreline or the roadway fronting individual homes. Remote
wetland areas have not received any attention except for the periodic dredge material
disposal connected with channel dredging.



It is also recognized that the control of insects is a significant problem in the Crisfield
area. Conditions in Crisfield are favorable for insect growth; consequently the mosquito
population is large. The state and county governments currently operate mosquito
control units which control the problem by daily spraying and the small scale ditching and
draining of standing water areas. There are no known existing or proposed plans which
will expand these efforts.

POCOMOKE CITY, MARYLAND

Shore Erosion Control

Other than small-scale construction and repair of existing bulkheads there are no known
existing or proposed plans or studies being made by others in the interest of shore erosion
control for Pocomoke City. :

Flood Control

Other than the previously mentioned studies underway by FEMA and NOAA, there are no
known existing or proposed plans or studies being made by others in the interest of flood
control for Pocomoke City.

Navigation

There are no known existing or proposed plans or studies being made by others in the
interest of navigation improvements for Pocomoke City except for the continued channel
maintenance dredging of the Federal navigation project by the Corps of Engineers.

Water Quality

The wastewater treatment facilities in Pocomoke City have been constructed above the
J00-year flood level and will function under this level of flooding. There are no plans for
expansion of the current facilities.

The water supply system for Pocomoke City is operated on water obtained from two deep
wells. Currently, the present usage is well within the capacity of the wells and no
expansion is planned. An unlimited supply of water for industrial purposes is available
from the Pocomoke River.

Solid Waste Disposal

Pocomoke City has regular trash and garbage collection which transports the refuse to
landfills outside of the area. There are no known existing or proposed plans for expansion
of these areas.

Recreation

In addition to the continued use and upkeep associated with the docks, walkways,
bulkheads, and boat launching ramps at Cypress Park, there is a plan for recreational
development within the flood plain of Pocomoke City. Pocomoke City instituted a
waterfront redevelopment plan in 1981 and has made progress in implementing this plan
which will contribute to passive recreational activities.



Fish and Wildlife

There are no known existing or proposed plans or studies being made by others in the
interest of either insect control or wetland development in Pocomoke City.

ROCK HALL, MARYLAND

Shore Erosion Control

Other than small-scale construction and repair of existing bulkheads there are no known
existing or proposed plans or studies being made by others in the interest of shore erosion
control for Rock Hall. As noted in subsequent paragraphs, the modifications of the
existing Federal navigation project now provide a measure of shoreline protection for
these areas inside the breakwaters,

Flood Control

Other than the previously mentioned studies underway by FEMA and NOAA, there are no
known existing or proposed plans or studies being made by others in the interest of flood
control for Rock Hall.

Navigation

Modification of the existing navigation project at Rock Hall Harbor was recently
completed by the Corps of Engineers. The improvement is expected to increase harbor
protection, reduce shoaling, and allow for the expansion of harbor facilities. Included in
the completed modification were the raising of the existing breakwaters from 4 feet
mean low water (mlw) to 7 feet mlw and the extension of the western breakwater an
additional #00 feet; the relocation of the entrance channel to a depth of 8 feet; and the
creation of two new channels to a depth of 8 feet. Regular dredging of the Federal
channels can also be expected to continue,

Water guaﬁtx

The wastewater treatment facilities in Rock Hall have been constructed above the 500-
year flood level and will function under this level of flooding.

The water supply system for Rock Hall is operated on water obtained from three deep
wells. Currently, the present usage is well within the capacity of the wells and planned
expansions in the Sharpe, Liberty, North Main, and Judefind Street areas will be easily
accommodated.

Solid Waste Disposal

Rock Hall has regular trash and garbage collection which transports the refuse to county
operated landfills outside of the community. There are no known existing or proposed
plans for expansion of these areas.



Recreation

Other than the continued use and probable expansion of the recreational boating
facilities in the Rock Hall/Gratitude area, there are no known existing or proposed plans
by others in the interest of recreational development within the flood plain of Rock Hall.

Fish and Wildlife

The vast wetlands near and within the Town of Rock Hall are a recognized resource of
great natural and economic value, Erosion is taking its toll on wetlands, however, there
are no known existing official plans to mitigate erosion and thereby reduce the rate of
destruction to wildlife habitat. Remedial measures have been taken to stem the erosion,
but largely along the shoreline or the roadway fronting individual homes. Remote
wetland areas have not received any attention except for the periodic dredge material
disposal connected with channel dredging.

SNOW HILL, MARYLAND

Shore Erosion Control

Other than small-scale construction and repair of existing bulkheads there are no known
existing or proposed plans or studies being made by others in the interests of shore
erosion control for Snow Hill.

Flood Control

Other than the previously mentioned studies underway by FEMA and NOAA, there are no
known existing or proposed plans or studies being made by others in the interest of flood

control for Snow Hill.

Navigation

There are no known existing or proposed plans or studies being made by others in the
interest of navigation improvements for Snow Hill except for the continued channel
maintenance dredging of the Federal navigation project by the Corps of Engineers,

Water Quality

The wastewater treatment facility in Snow Hill (located within the 100-year flood plain)
can be afforded protection from flooding through structural measures proposed as part of
the study. By preventing storm water infiltration and inflow, the sewage treatment plant
could function under flooding conditions and prevent the bypass of untreated sewage to
the Pocomoke River. However, there are no known existing or proposed plans being
made by the Town of Snow H